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Introduction {#sec001}
============

In low- and middle-income countries (LMICs), an estimated 250 million children under five years fail to reach their developmental potential \[[@pone.0231317.ref001]\]. With the recognition that critical building blocks for adult health and well-being are established early in life, there is an increasing global commitment to implement large scale early childhood development (ECD) interventions to address the problem and to promote the development of disadvantaged children \[[@pone.0231317.ref001]\]. However, progress of these efforts is impeded by the lack of reliable, valid, and easy-to-collect measures of ECD, particularly for children under age three years \[[@pone.0231317.ref001]--[@pone.0231317.ref003]\]. Such measures are essential both to monitor and evaluate the effectiveness of interventions, as well as to assess ECD levels at the population level.

Efforts are currently underway to develop global (i.e. culturally-neutral or very easy-to-adapt), valid, feasible, freely accessible population-based instruments, as well as individual-level instruments suitable to evaluate interventions, for children 0--3 years \[[@pone.0231317.ref003],[@pone.0231317.ref004]\]. Whilst existing full developmental tests such as the Bayley Scales \[[@pone.0231317.ref005],[@pone.0231317.ref006]\] are sensitive to ECD interventions \[[@pone.0231317.ref002],[@pone.0231317.ref007]--[@pone.0231317.ref009]\], according to our experience and that of many other researchers, they are very expensive, take a long time to administer and require highly trained testers with a certain level of technical expertise \[[@pone.0231317.ref002]\]. These aspects make their use at scale very difficult \[[@pone.0231317.ref010]\]. Screener tests (which are designed to identify children at risk of developmental delay) or tests assessing one particular domain (language, for example) are more and more often used as alternatives, both for large scale surveys \[[@pone.0231317.ref011]\] and program evaluations \[[@pone.0231317.ref012],[@pone.0231317.ref013]\], since they are cheaper, quicker, and much easier to administer. Importantly, they are readily available. However, their reliability and validity when used at large scale to detect differences in developmental levels within the normal range and/or to track developmental progress at the population level, rather than to screen for high-risk children, is unknown and must be determined \[[@pone.0231317.ref002]\]. More generally, it is critical to identify readily available, reliable, valid and feasible ECD measures for use in large samples until the population-based and individual-level instruments currently under development become available.

We previously assessed five tests commonly used in large surveys and evaluations for reliability, feasibility and concurrent validity with the Bayley Scales of Infant and Toddler Development (third edition, Bayley-III) \[[@pone.0231317.ref006]\] in children aged 6--42 months in Bogota, Colombia \[[@pone.0231317.ref010]\]. The tests ('short tests' henceforth) included three multi-dimensional screeners---the Ages and Stages Questionnaires (third edition, ASQ-3) \[[@pone.0231317.ref014]\], the Denver Developmental Screening Test (second edition, Denver-II) \[[@pone.0231317.ref015],[@pone.0231317.ref016]\], the Battelle Developmental Inventory screener (second edition, BDI-2) \[[@pone.0231317.ref017]\]---and two single-domain tests---the World Health Organization Gross Motor Milestones (WHO-Motor) \[[@pone.0231317.ref018],[@pone.0231317.ref019]\] and the MacArthur-Bates Communicative Development Inventories Short-Forms I and II (SFI, SFII) \[[@pone.0231317.ref020],[@pone.0231317.ref021]\]. The short tests were given in the home by fieldworkers, who were sufficiently trained but had no specific background on ECD. Therefore, they were administered under conditions feasible to implement in large scale studies. In contrast, the Bayley-III, which we considered our 'gold standard', was administered by psychologists at a center to minimize distractions and standardize the test experience as far as possible. It was therefore administered under preferable conditions.

The Bayley-III was found to be the most expensive and longest test to give. Whilst also long and expensive, the BDI-2 took, on average, 20 minutes less to administer than the Bayley-III; and the Denver-II and the ASQ-3 took a third of the time or less, being intermediate in time and cost. The single-domain tests were quickest, taking no more than 8 minutes, on average, and were considerably less expensive (the WHO-Motor was free). Concurrent validity of their cognitive, language, and fine motor scales with matching (i.e. same domain) Bayley-III scales increased with age: correlations were low under 19 months, low-to-moderate at 19--30 months, and moderate-to-high over 30 months. Whilst the ASQ-3 had a poor performance for children younger than 31 months, the SFII (expressive language by caregiver reports) correlated relatively well with the Bayley-III language scale under 30 months. Combining feasibility and validity considerations, the Denver-II was found to be the preferred multi-dimensional short test \[[@pone.0231317.ref010]\].

Before choosing a test, it is essential to know its ability to predict future function \[[@pone.0231317.ref022]\]. Therefore, we reassessed the children 5.5 years later in order to determine the predictive validity of the short tests with IQ, as assessed on the Wechsler Intelligence Scale for Children (fifth edition, WISC-V) \[[@pone.0231317.ref023]\], and with an index of school achievement, which combined scores on arithmetic, reading, and vocabulary, at ages 6--8 years, compared with that of the Bayley-III. We also examined the predictive ability of later functioning of children's height-for-age and stunting (height-for-age \<-2 standard deviations (SD) of the WHO reference median) in early childhood, since the latter has been repeatedly used as a global ECD proxy indicator \[[@pone.0231317.ref001],[@pone.0231317.ref024]\]; and of the Family Care Indicators (FCI), a measure of the home environment quality that has been widely assessed in international surveys as a relevant protective factor of ECD \[[@pone.0231317.ref025]--[@pone.0231317.ref027]\]. As with concurrent validity \[[@pone.0231317.ref010]\], and given the broad age range of the children in the study sample (36 months) and fast pace of development from 6 to 42 months, the analysis of predictive validity was performed by 12-months-of-age intervals (6--18, 19--30 and 31--42 months-of-age). These intervals were the smallest we thought possible, given the available sample sizes.

There are limited data on the predictive validity of short tests administered in early childhood in the context of large household surveys. In rural Bangladesh, low (*r* = \[0.21--0.25\]) but significant correlations between monthly maternal reports of age of attainment of motor milestones (walking and standing alone) and IQ at age 5 years were found \[[@pone.0231317.ref028]\]. Similarly, a maternal report language test for children 12--18 months, developed locally and based on the MacArthur-Bates Communicative Development Inventories \[[@pone.0231317.ref029]\], significantly predicted IQ at age 5 (*r* = \[0.37--0.41\]) \[[@pone.0231317.ref030]\].

We hypothesized that predictive validity would increase with age of the child in the early assessment, as observed for concurrent validity \[[@pone.0231317.ref010]\]; the Bayley-III would have highest predictive validity as it is a full diagnostic test; cognitive and language scales would perform better than other scales since measures of IQ are comprised of cognitive and language functions only \[[@pone.0231317.ref023]\]; and the home environment, height-for-age, and stunting would be less predictive than the short tests since they do not assess developmental domains per se but might serve as proxies, given their association with child development \[[@pone.0231317.ref001],[@pone.0231317.ref024]--[@pone.0231317.ref026]\].

The study was neither designed nor powered to examine the sensitivity or specificity of the screeners in identifying high risk children \[[@pone.0231317.ref010]\]. Furthermore, obviously disabled children were excluded as well as children with Bayley-III scores below 70. Therefore, our results have no implications regarding the use of screeners to identify potentially high-risk children in need of further assessment. The study aimed to investigate the ability of the screeners and other short tests and measures, frequently used to evaluate interventions or measure child development at population level, given at three different age ranges, to predict later functioning in intelligence and school attainment.

Materials and methods {#sec002}
=====================

Study design and participants {#sec003}
-----------------------------

The study was conducted in the poorest three, out of six, socio-economic sectors ('*estratos*' in Spanish) of Bogota. These three sectors, defined by location and the quality of housing and infrastructure, comprise low- and lower-middle-income households and account for 85% of the city's population. In 2011, we enrolled 1,533 children aged 6--42 months living in blocks in these sectors. Within each sector stratum, blocks were selected by random probability, weighting by the proportion of women in fertile age. Within each selected block, all children 6--42 months were identified through a door-to-door census and a subsample was randomly selected for study inclusion, stratifying by age. Strata sizes (originally, 4 sector strata and 4 age strata: 6--14, 15--23, 24--32 and 33--42 months-of-age) were computed to allow for detection of differences in child development between socio-economic sector and age groups. The final study sample included 12 children from a fourth sector (middle-income), initially included in the study but subsequently dropped due to high refusal to study participation. Twins and children with obvious disabilities were excluded; and in households with more than one eligible child, one was randomized into the study. Further sample details were provided elsewhere \[[@pone.0231317.ref031]\].

On enrollment, all 1,533 children were randomly assigned to one of two batteries of short tests to increase the number of tests examined whilst minimizing test weariness: approximately, half the children were assessed on the short tests in battery A and the remaining half on those in battery B. Bayley-III scores were collected on 1,330 of these children immediately afterwards and 1,311 were analyzed. In 2016, we tracked and reassessed, at ages 6--8 years, as many of these children as possible. [Fig 1](#pone.0231317.g001){ref-type="fig"} details the study design and participant flow.

![Study design and flow diagram of study participants.\
ASQ-3 (Ages and Stages Questionnaires, third edition); Denver-II (Denver Developmental Screening Test, second edition); SFI (MacArthur-Bates Communicative Development Inventories, Short-Form I in Spanish); SFII (MacArthur-Bates Communicative Development Inventories, Short-Form II in Spanish); BDI-2 (Battelle Developmental Inventory screener, second edition); WHO-Motor (World Health Organization Gross Motor Milestones); Bayley-III (Bayley Scales of Infant and Toddler Development, third edition); FCI (Family Care Indicators); WISC-V (Wechsler Intelligence Scale for Children, fifth edition); WM-III (Woodcock-Muñoz Test of Achievement, third edition); "TVIP" (Peabody Picture Vocabulary Test-Revised, Spanish version, adapted/selected subset of words). ^a^ Children 8--18 months. ^b^ Children 19--30 months. ^c^ Children 6--15 months.](pone.0231317.g001){#pone.0231317.g001}

Procedures {#sec004}
----------

### Enrollment assessments {#sec005}

Battery A tests included the ASQ-3 \[[@pone.0231317.ref014]\], the Denver-II \[[@pone.0231317.ref015],[@pone.0231317.ref016]\], and the vocabulary checklists in the SFI and SFII \[[@pone.0231317.ref020],[@pone.0231317.ref021]\]. Battery B tests comprised the BDI-2 \[[@pone.0231317.ref017]\] and the WHO-Motor \[[@pone.0231317.ref018],[@pone.0231317.ref019]\].

The ASQ-3, Denver-II and BDI-2 screeners were multi-dimensional and covered the entire age range. They all combined receptive and expressive language in one communication/language scale. Similarly, the BDI-2 motor scale combined fine and gross motor items; and the Denver-II fine-motor adaptive scale included both fine motor and cognitive items. The ASQ-3 problem solving scale comprises cognition. As reported earlier \[[@pone.0231317.ref010]\], all tests were administered following manual instructions except the ASQ-3, which we modified as follows. Given the low literacy levels of some caregivers, caregiver-completed items were administered by interview in order to ensure that all mothers understood the questions similarly. Furthermore, the child was tested if the caregiver did not know the answer. In addition, whenever the scale ceiling was reached in the appropriate questionnaire for the age of the child, we added the next three more difficult items from the subsequent questionnaires excluding items that had already occurred in the age-appropriate test. This reduced the number of children on the test ceiling by 10.5--15.5%, to levels of 1.7--4.8%, depending on the domain, thus increasing the variability in development captured by the test. Similar adaptations have been used elsewhere \[[@pone.0231317.ref011]\]. Following test manuals, the Denver-II and BDI-2 were mostly collected by direct child assessment; although up to 39% of the items in the Denver-II (mainly in the personal-social and language scales) can be obtained by caregiver report and a few BDI-2 items may also be collected by caregiver report or tester observation.

The WHO-Motor and SFs were single-domain tests and covered a limited age range. The WHO-Motor comprised six gross motor milestones directly assessed in children 6--18 months, although analysis was limited to children 6--15.9 months because most older children (91.9%) attained all milestones. The SFI and SFII collected caregiver reports on receptive and expressive language (words the child 'understands' and words the child 'understands and says') for children 8--18 months and expressive language (words the child 'says') for children 19--30 months, respectively.

All short tests were administered by non-specialized interviewers in the homes. After 5--14 days, psychologists (testers henceforth), who were blind to children's performance on the short tests, administered the Bayley-III \[[@pone.0231317.ref006]\] to all children in a center. All Bayley-III scales were collected by direct child assessment, except the socio-emotional one, which is by caregiver report. The testers also measured children's height following standard procedures \[[@pone.0231317.ref032]\]. Scores were standardized and stunting (height-for-age \<-2SD of the median WHO reference standards) was computed using the WHO Anthro software, 2011. Testers/interviewers were trained for six weeks, including practices.

In preparation for testing, we translated and back-translated the Bayley-III; as well as the BDI-2 manual, and the WHO-Motor report forms and manual. Short tests in battery A were all available in Spanish. All translations and official Spanish versions were piloted and, subsequently, minor wording/phrasing modifications were made in order to reflect Colombian Spanish. Similarly, a few images had to be contextualized. Full adaptation details were provided earlier \[[@pone.0231317.ref033]\].

The Bayley-III was the most expensive test (\$1,025 US per kit; \$4.89 US per child fee, at the time of assessment) and its administration took 83 minutes on average. The BDI-2 took 63 minutes and was also expensive (\$405.70 US per kit; \$3.08 US per child fee), whilst the Denver-II (27 minutes) and ASQ-3 (20 minutes) were intermediate both in time and cost (Denver-II: \$200 US per kit; \$0.45 US per child fee and ASQ-3: \$275 US per kit; no per child fee). As expected, the single-domain tests were quickest (6--8 minutes) and cheapest (SFs: \$90 US per kit including both forms, \$1 US per child fee; WHO: free). More details on the enrollment tests, their costs, and on the administration and training procedures were provided previously \[[@pone.0231317.ref010], [@pone.0231317.ref033]\].

### Middle childhood assessments {#sec006}

In 2016, children were tracked and reassessed. Their IQ was measured on the WISC-V using the seven subtests that constitute the Full Scale Intelligence Quotient (FSIQ): block design, similarities, matrix reasoning, digit span, coding, vocabulary, and figure weights \[[@pone.0231317.ref023]\]. School achievement was assessed using the arithmetic (calculations) and reading comprehension subtests in the Woodcock-Muñoz Test of Achievement (third edition, WM-III) \[[@pone.0231317.ref034]\], the Spanish version of the Woodcock-Johnson \[[@pone.0231317.ref035]\]; and a subset of 75 words from the *Test de Vocabulario en Imágenes de Peabody* (TVIP) \[[@pone.0231317.ref036]\], the Spanish version of the Peabody Picture Vocabulary Test-Revised \[[@pone.0231317.ref037]\]. These words were selected using existing data from urban children of the same age and socio-economic status from a longitudinal nationally representative survey (ELCA) \[[@pone.0231317.ref038]\]. We first selected the words in the relevant age range that showed sufficient variability and ordered them by difficulty; we then made final decisions after piloting. The aim was to simplify test administration and minimize testing time.

All middle childhood tests were administered following manual instructions, except the subset of 75 words in the TVIP, which were given in difficulty order until three consecutive errors were made. Tests were administered individually by psychologists at the child's primary school (91.5%), and occasionally, at another center (2.5%) or the child's home (6%). The mother, teacher or another familiar adult was sometimes present (5.8%). Total testing time was kept under 90 minutes in all cases, including a 5--10 minutes break halfway through.

We translated the WISC-V report forms and manuals and piloted the translations. All other test materials were available in Spanish and minor wording/phrasing modifications were made, after piloting, to reflect Colombian Spanish. No other adaptations were found necessary.

Twelve Psychology graduates were trained for five weeks and each carried out 15--20 practice administrations per test, until inter-observer reliabilities between trainees reached \>90% item-level agreement on each test. The trainer observed 2% of study assessments, with mean agreement *\>*95% (range = \[85--100%\]), and corrective feedback was given when appropriate.

### Household survey {#sec007}

In both rounds, children's homes were visited to collect household composition and other socio-economic information. On enrollment, the quality of the home environment was measured using UNICEF's Family Care Indicators (FCI) \[[@pone.0231317.ref039]\] for play materials and play activities. The caregivers were asked about the play activities the child engaged in with an adult over the week prior to the survey and the type of toys the child usually played with were observed. In middle childhood, an adaptation of the Middle Childhood Home Observation for Measurement of the Environment (MC-HOME) \[[@pone.0231317.ref040],[@pone.0231317.ref041]\] was collected.

### Ethics {#sec008}

Ethical approval was obtained from the *Instituto de Ortopedia Infantil Roosevelt* in Bogota. Before each assessment, caregivers gave their written informed consent.

Statistical analysis {#sec009}
--------------------

Wealth indexes on assets and housing were constructed using polychoric principal component analyses for both rounds \[[@pone.0231317.ref031]\]. FCI and MC-HOME total scores were constructed by adding up binary indicators, with cutoffs varying depending on the empirical prevalence for each indicator for the FCI. The FCI score included play activities (reading/looking at picture books, telling stories, singing songs, taking child outside the home place/go for a walk, playing with toys, scribbling/drawing/coloring, naming/counting things) and play materials (toys to make/play music, things to draw/write/paint, coloring books, picture books, toys to play pretend games, toys for moving around, things meant for stacking/constructing/building, toys to learn shapes and colors).

The probability of being reassessed in 2016 was estimated using logistic regression on enrollment characteristics and its inverse was used as a weight in robustness analyses that corrected for sample loss. We also examined differences among tested participants who had been administered batteries A and B using t-tests.

For all tests, scales were administered and scored independently, and continuous raw scores were constructed following test manuals. Since the Denver-II has no raw score, we added items passed to items preceding the basal level, following general scoring principles and as done in previous work \[[@pone.0231317.ref010]\]. Similarly, for the WHO-Motor, we added all items the child had passed to construct the raw score \[[@pone.0231317.ref010]\].

No test had norms for Colombia. Therefore, we internally standardized the raw scores over age using age-conditional means and SDs, computed non-parametrically, after removing testers'/interviewers' effects, as done in previous work \[[@pone.0231317.ref010]\]. This is, for each value of the residual of the raw scores on tester or interviewer dummies, we constructed a z-score by subtracting the age-conditional mean and dividing by the age-conditional SD, both computed using local polynomial regressions. Unlike using norms from the reference populations (i.e. externally standardized scores) for each test, this standardization method handles age consistently across tests, which facilitates comparisons. It is also less sensitive to outliers/small sample sizes than methods traditionally used to internally standardize scores, which usually use interval-specific (for example, monthly) means and SDs to compute z-scores. FSIQ was constructed adding the internally standardized scores of the WISC-V subtests; and the school achievement score was constructed adding the arithmetic, reading and vocabulary internally standardized scores.

We examined test internal consistency using Cronbach's alpha (α); test-retest reliability using intraclass correlations (*ICCs*); and associations among tests and with socio-economic background variables using Pearson correlations (*r*), overall and by 12-months-of-age groups. The ability of all tests, the FCI, height-for-age, and stunting to predict FSIQ and school achievement was analyzed by 12-months-of-age intervals, computing Pearson correlations within each age range. In all correlations, the internally standardized scores were used, which is equivalent to computing partial correlations controlling for testers/interviewers and age flexibly. We used the Denver-II fine motor-adaptive scale for both cognition and fine motor analyses, as there is some evidence that the scale includes both fine motor and cognitive items. Similar items to some of the Denver-II items appear in the Bayley-III cognitive scale; and, in prior analysis of concurrent validity \[[@pone.0231317.ref010]\], somewhat higher correlations were found between the Denver-II fine motor-adaptive scale and the Bayley-III cognitive scale than with the Bayley-III fine motor scale in children under 30 months. We used the ASQ-3, Denver-II and BDI-2 communication/language scales for both receptive and expressive language analyses; and the BDI-2 motor scale for both fine and gross motor analyses. We refer to scales predominantly measuring cognition or language by those names, hereafter. Bootstrapped *P* values \[[@pone.0231317.ref042]\], computed stratifying by the design strata (socio-economic sector and age), were used in all inference and to compare whether the predictive validity of a test differed significantly across the three age groups examined. Similarly, bootstrapped *P* values were used to compare the predictive validity of the Bayley-III, the short tests, the FCI, height-for-age, and stunting. Infant tests measure a range of developmental domains whereas FSIQs only measure cognitive and language functions. Therefore, for the short tests, we only compare the predictive validity of the cognitive and language scales but present predictive validity values of other scales for interest.

To further explore the effect of age under 19 months in the Bayley-III, the FCI, height-for-age, and stunting, which were available for children in both batteries, we repeated the analyses by 6-months-of-age intervals on enrollment. For the other tests, given to children in either battery A or battery B, sample sizes were considered too small to subdivide.

We classify correlations as very low (*r* = 0.10--0.19), low (*r* = 0.20--0.39), moderate (*r* = 0.40--0.59), and high (*r* = 0.60--0.79) \[[@pone.0231317.ref043]\].

Statistical analyses were performed using Stata 14.2 (StataCorp, College Station, TX).

Results {#sec010}
=======

We reassessed 940 (71.7%) of the 1,311 children with Bayley-III scores on enrollment, of which 3 scored \<-3 SD in the externally standardized FSIQ scores and were dropped ([Fig 1](#pone.0231317.g001){ref-type="fig"}). Main reasons for sample loss were migration (50.4%), inability to recontact the household (20.7%), refusal to continue study participation (21.6%), and refusal to be administered the WISC-V (7.3%). Migrants who could be located and lived within 1-hour from Bogota (by bus) were tracked. Higher attrition occurred among poorer households, girls, and younger/less educated mothers. Children tested in middle childhood, who were originally given either battery A or battery B, were comparable in terms of their characteristics, except for mother's age (*P =* 0.037) ([Table 1](#pone.0231317.t001){ref-type="table"}), which had significant but very low associations (*r \<*0.127, *P \<*0.001) with outcomes (not shown).

10.1371/journal.pone.0231317.t001

###### Characteristics of children tested in middle childhood and their families, by test battery given at enrollment.

![](pone.0231317.t001){#pone.0231317.t001g}

                                                                                                      Battery A (*n*~*A*~ = 478)   Battery B (*n*~*B*~ = 459)   *P* value of difference between batteries
  --------------------------------------------------------------------------------------------------- ---------------------------- ---------------------------- -------------------------------------------
  **I. Child characteristics**                                                                        ** **                                                     ** **
  Child\'s age at enrollment, %                                                                                                                                  
  6--18 months                                                                                        31.6                         33.1                         0.640
  19--30 months                                                                                       36.2                         35.5                         0.822
  31--42 months                                                                                       32.2                         31.4                         0.787
  Child\'s age in middle childhood, %                                                                                                                           
  6 years                                                                                             33.1                         33.1                         0.985
  7 years                                                                                             35.4                         36.6                         0.698
  8 years                                                                                             31.6                         30.3                         0.674
  Girls, %                                                                                            45.4                         49.7                         0.173
  Premature (gestational age \<37 weeks), %                                                           14.6                         15.5                         0.754
  Height-for-age[^a^](#t001fn001){ref-type="table-fn"} at enrollment, z-score, mean (SD)              -1.1 (1.1)                   -1.1 (1.1)                   0.319
  Stunted^a^ (z-score height-for-age \<-2SD) at enrollment, %                                         16.6                         17.9                         0.595
  **II. Parental characteristics in middle childhood**                                                                                                           
  Mother\'s age[^a^](#t001fn001){ref-type="table-fn"}, y, mean (SD)                                   33.3 (6.9)                   32.3 (6.5)                   0.037
  Mother\'s education, y, mean (SD)                                                                   10.9 (3.2)                   11.2 (3.3)                   0.241
  Father\'s education[^a^](#t001fn001){ref-type="table-fn"}, y, mean (SD)                             8.9 (4.1)                    9.3 (4.0)                    0.087
  **III. Household characteristics and home environment**                                                                                                        
  Socio-economic sector (strata) in middle childhood, %                                                                                                          
  1\. Lowest                                                                                          27.2                         27.5                         0.930
  2\.                                                                                                 39.7                         42.5                         0.422
  3\.                                                                                                 32.0                         28.5                         0.329
  4\. Highest                                                                                         1.0                          1.5                          0.598
  Household size in middle childhood, mean (SD)                                                       4.5 (1.4)                    4.3 (1.5)                    0.133
  Household wealth index in middle childhood, mean (SD)                                               -0.01 (1.03)                 0.03 (0.95)                  0.520
  Number of varieties of play materials (FCI) at enrollment, mean (SD)                                5.0 (2.3)                    5.0 (2.3)                    0.143
  Number of varieties of play activities (FCI) at enrollment, mean (SD)                               3.9 (1.9)                    3.7 (1.8)                    0.955
  Total FCI score (play materials and activities) at enrollment, internally standardized, mean (SD)   0.16 (1.7)                   0.13 (1.7)                   0.786
  Total MC-HOME score in middle childhood, internally standardized, mean (SD)                         0.05 (0.9)                   -0.05 (1.0)                  0.145
  **IV. Child development at enrollment**                                                                                                                        
  Bayley-III, internally standardized scores, mean (SD)                                                                                                          
  Cognitive                                                                                           0.03 (0.10)                  0.05 (0.99)                  0.763
  Receptive Language                                                                                  0.08 (0.99)                  0.02 (1.02)                  0.346
  Expressive Language                                                                                 0.04 (0.99)                  0.02 (1.00)                  0.713
  Fine Motor                                                                                          0.05 (0.98)                  0.00 (0.99)                  0.390
  Gross Motor                                                                                         0.03 (1.02)                  0.01 (0.10)                  0.758
  Socio-emotional                                                                                     0.02 (0.98)                  0.00 (0.97)                  0.702
  **V. Child development in middle childhood**                                                                                                                   
  FSIQ, WISC-V, externally standardized, mean (SD)                                                    88.6 (12.1)                  88.6 (12.6)                  0.991
  FSIQ, WISC-V, internally standardized, mean (SD)                                                    0.12 (4.40)                  -0.04 (4.50)                 0.605
  Achievement score, internally standardized, mean (SD)                                               0.03 (2.39)                  0.01 (2.39)                  0.903

^a^ Missing data for some variables. Sample sizes for these are: height-for-age and stunted (n~A~ = 477); mother\'s age (n~A~ = 453, n~B~ = 433); father\'s education (n~A~ = 456, n~B~ = 424). SD is Standard Deviation.

Raw scores of all middle childhood tests and subtests, reported in [S1 Table](#pone.0231317.s001){ref-type="supplementary-material"} for all children and by test battery given at enrollment, increased with age and school grade ([S2 Table](#pone.0231317.s002){ref-type="supplementary-material"}). The average WISC-V externally standardized scores were below those of the norming sample ([Table 1](#pone.0231317.t001){ref-type="table"}) and internal consistency was good (all α's \>0.6, except two) and stable over time (not shown). Test-retest reliabilities after 6--14 days were also good (\[*ICC* = 0.39--0.88\], *ICC* \> 0.6 for most tests). FSIQ and school achievement were associated with household characteristics and with each other as theoretically expected ([Table 2](#pone.0231317.t002){ref-type="table"}); these correlations were higher for children 7 and 8 years than for the 6-year olds (not shown). [S1 Table](#pone.0231317.s001){ref-type="supplementary-material"} also reports raw scores for the short tests and raw and externally standardized scores for the Bayley-III, for all children and by test battery given at enrollment.

10.1371/journal.pone.0231317.t002

###### Correlations of middle childhood tests with concurrent socio-economic variables and with each other.

![](pone.0231317.t002){#pone.0231317.t002g}

                                                        FSIQ WISC-V   Achievement score   Arithmetic WM-III   Reading comprehension WM-III   Receptive vocabulary, based on TVIP
  ----------------------------------------------------- ------------- ------------------- ------------------- ------------------------------ -------------------------------------
  **Socio-economic variables**                                                                                                               
  Mother\'s education, y                                0.315\*\*\*   0.288\*\*\*         0.172\*\*\*         0.292\*\*\*                    0.226\*\*\*
  Household wealth index                                0.308\*\*\*   0.300\*\*\*         0.212\*\*\*         0.285\*\*\*                    0.221\*\*\*
  Total MC-HOME score, internally standardized          0.331\*\*\*   0.342\*\*\*         0.266\*\*\*         0.289\*\*\*                    0.264\*\*\*
  **Middle childhood tests, internally standardized**                                                                                        
  FSIQ, WISC-V                                          1                                                                                    
  Achievement score                                     0.706\*\*\*   1                                                                      
  Arithmetic, WM-III                                    0.531\*\*\*   0.798\*\*\*         1                                                  
  Reading comprehension, WM-III                         0.600\*\*\*   0.824\*\*\*         0.512\*\*\*         1                              
  Receptive vocabulary, based on TVIP                   0.563\*\*\*   0.776\*\*\*         0.402\*\*\*         0.461\*\*\*                    1

N = 937 children. Pearson correlations on internally standardized test scores (net of testers\'/interviewers\' effects). Standard Errors (SE) computed using bootstrap methods, stratifying by the design strata: socio-economic sector and age (n = 2,000 replications).

[Fig 2](#pone.0231317.g002){ref-type="fig"} shows correlations of the short tests and the Bayley-III with FSIQ and [S1 Fig](#pone.0231317.s004){ref-type="supplementary-material"} with school achievement. [Table 3](#pone.0231317.t003){ref-type="table"} reports correlations among all enrollment and middle childhood scores by domain/scale and age group, and the bottom panel shows the FCI, height-for-age, and stunting. [Table 4](#pone.0231317.t004){ref-type="table"} shows the significantly different correlations with the language and cognition scales only and with the FCI and stunting. [S3 Table](#pone.0231317.s003){ref-type="supplementary-material"} reports comparisons across age groups. Cognition, language and, to a lesser extent, fine motor scales were the most predictive. The Bayley-III generally had the highest correlations; and for all tests, correlations increased with age of initial test, except for the ASQ-3 cognition which decreased at 19--30 months. FSIQ and school achievement were highly correlated (*r* = 0.706, *P \<*0.001, [Table 2](#pone.0231317.t002){ref-type="table"}) and had similar patterns of correlations ([S1 Fig](#pone.0231317.s004){ref-type="supplementary-material"}, [Table 3](#pone.0231317.t003){ref-type="table"}). We therefore focus on the FSIQ.

![Predictive validity of Bayley-III and short tests at 6--42 months with the FSIQ at 6--8 years, by age group and domain.\
Each plot in Fig 2 shows, for each developmental domain, the average correlation between scores in early childhood with FSIQ scores in middle childhood, by age group. The youngest age group are children 6--18 months in early childhood and 6 years in middle childhood; the middle age group are children 19--30 months in early childhood and 7 years in middle childhood; and the oldest age group are children 31--42 months in early childhood and 8 years in middle childhood. Sample sizes for each correlation (point depicted) are in [Table 2](#pone.0231317.t002){ref-type="table"}. See [Fig 1](#pone.0231317.g001){ref-type="fig"} footnote for the definition of the acronyms used. ^a^Denver-II is the fine-motor adaptive scale; ^b^ASQ-3, Denver-II and BDI-2 are the communication/language scales; ^c^BDI-2 motor combines fine and gross motor items; ^d^Bayley-III is the socio-emotional scale; BDI-2 is the adaptive skills scale.](pone.0231317.g002){#pone.0231317.g002}

10.1371/journal.pone.0231317.t003

###### Predictive validity of the Bayley-III, the short tests, the FCI, height-for-age, and stunting at 6--42 months with the FSIQ and school achievement at 6--8 years, by age at enrollment.
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                                      6--18 Months at Enrollment                          19--30 Months at Enrollment                    31--42 Months at Enrollment                                                                                                                           
  ----------------------------------- --------------------------------------------------- ---------------------------------------------- ------------------------------------------------- ------------------------------------------------- ------------------------------------------------- -------------------------------------------------
  **Bayley-III**                      *n = 303*                                           *n = 336*                                      *n = 298*                                                                                                                                             
  Cognitive                           0.157[\*\*](#t003fn003){ref-type="table-fn"}        0.135[\*](#t003fn002){ref-type="table-fn"}     0.330[\*\*\*](#t003fn004){ref-type="table-fn"}    0.309[\*\*\*](#t003fn004){ref-type="table-fn"}    0.474[\*\*\*](#t003fn004){ref-type="table-fn"}    0.436[\*\*\*](#t003fn004){ref-type="table-fn"}
  Receptive language                  0.126[\*](#t003fn002){ref-type="table-fn"}          0.150[\*\*](#t003fn003){ref-type="table-fn"}   0.307[\*\*\*](#t003fn004){ref-type="table-fn"}    0.348[\*\*\*](#t003fn004){ref-type="table-fn"}    0.409[\*\*\*](#t003fn004){ref-type="table-fn"}    0.397[\*\*\*](#t003fn004){ref-type="table-fn"}
  Expressive language                 0.079                                               0.089                                          0.257[\*\*\*](#t003fn004){ref-type="table-fn"}    0.308[\*\*\*](#t003fn004){ref-type="table-fn"}    0.386[\*\*\*](#t003fn004){ref-type="table-fn"}    0.398[\*\*\*](#t003fn004){ref-type="table-fn"}
  Fine motor                          0.113[\*](#t003fn002){ref-type="table-fn"}          0.122[\*](#t003fn002){ref-type="table-fn"}     0.201[\*\*\*](#t003fn004){ref-type="table-fn"}    0.213[\*\*\*](#t003fn004){ref-type="table-fn"}    0.353[\*\*\*](#t003fn004){ref-type="table-fn"}    0.311[\*\*\*](#t003fn004){ref-type="table-fn"}
  Gross motor                         0.036                                               -0.071                                         0.087                                             0.143[\*\*](#t003fn003){ref-type="table-fn"}      0.188[\*\*](#t003fn003){ref-type="table-fn"}      0.175[\*\*](#t003fn003){ref-type="table-fn"}
  Socio-emotional                     0.073                                               0.019                                          0.207[\*\*\*](#t003fn004){ref-type="table-fn"}    0.208[\*\*\*](#t003fn004){ref-type="table-fn"}    0.172[\*\*](#t003fn003){ref-type="table-fn"}      0.119[\*](#t003fn002){ref-type="table-fn"}
  **ASQ-3 (adapted)**                 *n = 145*                                           *n = 172*                                      *n = 153*                                                                                                                                             
  Problem solving                     0.185[\*\*](#t003fn003){ref-type="table-fn"}        0.027                                          -0.122                                            -0.008                                            0.297[\*\*\*](#t003fn004){ref-type="table-fn"}    0.310[\*\*\*](#t003fn004){ref-type="table-fn"}
  Communication                       0.120                                               0.112                                          0.180[\*](#t003fn002){ref-type="table-fn"}        0.223[\*\*](#t003fn003){ref-type="table-fn"}      0.271[\*\*\*](#t003fn004){ref-type="table-fn"}    0.317[\*\*\*](#t003fn004){ref-type="table-fn"}
  Fine motor                          0.099                                               0.038                                          0.118                                             0.167[\*](#t003fn002){ref-type="table-fn"}        0.176[\*\*](#t003fn003){ref-type="table-fn"}      0.247[\*\*\*](#t003fn004){ref-type="table-fn"}
  Gross motor                         0.005                                               -0.065                                         -0.099                                            -0.110                                            0.044                                             0.038
  Personal-social                     -0.115                                              -0.021                                         0.047                                             0.057                                             0.016                                             0.009
  **Denver-II**                       *n = 148*                                           *n = 169*                                      *n = 148*                                                                                                                                             
  Language                            0.052                                               -0.026                                         0.214[\*\*](#t003fn003){ref-type="table-fn"}      0.286[\*\*\*](#t003fn004){ref-type="table-fn"}    0.375[\*\*\*](#t003fn004){ref-type="table-fn"}    0.373[\*\*\*](#t003fn004){ref-type="table-fn"}
  Fine motor-adaptive                 0.103                                               0.116                                          0.229[\*\*](#t003fn003){ref-type="table-fn"}      0.146[\*](#t003fn002){ref-type="table-fn"}        0.422[\*\*\*](#t003fn004){ref-type="table-fn"}    0.438[\*\*\*](#t003fn004){ref-type="table-fn"}
  Gross motor                         0.052                                               -0.082                                         -0.005                                            0.035                                             0.160[\*](#t003fn002){ref-type="table-fn"}        0.190[\*](#t003fn002){ref-type="table-fn"}
  Personal-social                     0.104                                               0.015                                          -0.031                                            0.049                                             0.028                                             0.058
  **BDI-2 (Battelle)**                *n = 152*                                           *n = 163*                                      *n = 144*                                                                                                                                             
  Cognitive                           0.136                                               0.175[\*](#t003fn002){ref-type="table-fn"}     0.221[\*\*](#t003fn003){ref-type="table-fn"}      0.238[\*\*](#t003fn003){ref-type="table-fn"}      0.272[\*](#t003fn002){ref-type="table-fn"}        0.305[\*\*\*](#t003fn004){ref-type="table-fn"}
  Communication                       0.079                                               0.095                                          0.244[\*\*](#t003fn003){ref-type="table-fn"}      0.326[\*\*\*](#t003fn004){ref-type="table-fn"}    0.305[\*\*\*](#t003fn004){ref-type="table-fn"}    0.318[\*\*\*](#t003fn004){ref-type="table-fn"}
  Motor                               0.057                                               -0.010                                         0.191[\*](#t003fn002){ref-type="table-fn"}        0.136                                             0.228[\*](#t003fn002){ref-type="table-fn"}        0.220[\*](#t003fn002){ref-type="table-fn"}
  Personal-social                     0.163[\*](#t003fn002){ref-type="table-fn"}          0.125                                          0.122                                             0.181[\*\*](#t003fn003){ref-type="table-fn"}      0.247[\*\*](#t003fn003){ref-type="table-fn"}      0.224[\*\*](#t003fn003){ref-type="table-fn"}
  Adaptive skills                     -0.058                                              -0.033                                         0.142                                             0.083                                             0.224[\*\*](#t003fn003){ref-type="table-fn"}      0.192[\*](#t003fn002){ref-type="table-fn"}
  **SFI & SFII (MacArthur)**          *n = 126*[^*a*^](#t003fn005){ref-type="table-fn"}   *n = 172*                                                                                                                                                                                            
  Receptive language                  0.140                                               0.181[\*](#t003fn002){ref-type="table-fn"}                                                                                                                                                           
  Expressive language                 0.047                                               0.055                                          0.301[\*\*\*](#t003fn004){ref-type="table-fn"}    0.298[\*\*\*](#t003fn004){ref-type="table-fn"}                                                       
  **WHO-Motor**                       *n = 110*[^*b*^](#t003fn006){ref-type="table-fn"}                                                                                                                                                                                                        
  Gross Motor                         -0.033                                              -0.068                                                                                                                                                                                               
  **FCI, Height-for-age, Stunting**   *n = 303*                                           *n = 336*                                      *n = 298*                                                                                                                                             
  FCI                                 0.183[\*\*](#t003fn003){ref-type="table-fn"}        0.180[\*\*](#t003fn003){ref-type="table-fn"}   0.362[\*\*\*](#t003fn004){ref-type="table-fn"}    0.384[\*\*\*](#t003fn004){ref-type="table-fn"}    0.329[\*\*\*](#t003fn004){ref-type="table-fn"}    0.310[\*\*\*](#t003fn004){ref-type="table-fn"}
  Height-for-age                      0.085                                               0.088                                          0.164[\*\*](#t003fn003){ref-type="table-fn"}      0.172[\*\*](#t003fn003){ref-type="table-fn"}      0.203[\*\*\*](#t003fn004){ref-type="table-fn"}    0.206[\*\*\*](#t003fn004){ref-type="table-fn"}
  Stunting                            -0.054                                              -0.113[\*](#t003fn002){ref-type="table-fn"}    -0.179[\*\*\*](#t003fn004){ref-type="table-fn"}   -0.207[\*\*\*](#t003fn004){ref-type="table-fn"}   -0.200[\*\*\*](#t003fn004){ref-type="table-fn"}   -0.247[\*\*\*](#t003fn004){ref-type="table-fn"}

Pearson correlations on internally standardized scores (net of testers\'/interviewers\' effects), except for height-for-age and stunting. *P* values computed using bootstrap methods, stratifying by the design strata: socio-economic sector and age (n = 2,000 replications). FCI includes play materials and play activities. Stunting is defined as height-for age \<-2 SD of the WHO reference median.

\* p\<0.05

\*\* p\<0.01

\*\*\* p\<0.001.

^a^ Children 8--18 months

^b^ Children 6--15 months.

10.1371/journal.pone.0231317.t004

###### All significantly different (*p* \<0.05) correlations of cognitive and language scales of all short tests, Bayley-III, FCI, height-for-age, and stunting on enrollment with later FSIQ and school achievement.
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                                                                          FSIQ                                                                  Achievement
  ----------------------------------------------------------------------- --------------------------------------------------------------------- -------------------------------------------------------------
  **19--30 months**                                                       Bayley-III cognitive \> ASQ-3 problem solving (*P* \<0.0001)          Bayley-III cognitive \> ASQ-3 problem solving (*P* = 0.001)
  Bayley-III cognitive \> Height-for-age (*P* = 0.037)                    Bayley-III cognitive \> Denver-II fine motor-adaptive (*P* = 0.033)   
  Denver-II fine motor-adaptive \> ASQ-3 problem solving (*P* \<0.0001)   Bayley-III language expressive \> Height-for-age (*P* = 0.037)        
  BDI-2 cognitive \> ASQ-3 problem solving (*P* = 0.002)                  BDI-2 cognitive \> ASQ-3 problem solving (*P* = 0.030)                
  SFII expressive language \> ASQ-3 problem solving (*P* \<0.0001)        SFII expressive language \> ASQ-3 problem solving (*P* = 0.003)       
  FCI \> ASQ-3 problem solving (*P* \<0.0001)                             FCI \> ASQ-3 problem solving (*P* \<0.0001)                           
  FCI \> ASQ-3 communication (*P* = 0.012)                                FCI \> ASQ-3 communication (*P* = 0.035)                              
  FCI \> Denver-II fine motor-adaptive (*P* = 0.049)                      FCI \> Denver-II fine motor-adaptive (*P* = 0.002)                    
  FCI \> Stunting (*P* = 0.012)                                           FCI \> Stunting (*P* = 0.014)                                         
  FCI \> Height-for-age (*P* = 0.003)                                     FCI \> Height-for-age (*P* = 0.002)                                   
  Stunting \> ASQ-3 problem solving (*P* = 0.003)                                                                                               
  Height-for-age \> ASQ-3 problem solving (*P* = 0.005)                                                                                         
  **31--42 months**                                                       Bayley-III cognitive \> ASQ-3 problem solving (*P* = 0.038)           Bayley-III cognitive \> FCI (*P* = 0.027)
  Bayley-III cognitive \> ASQ-3 communication (*P* = 0.033)               Bayley-III cognitive \> Stunting (*P* = 0.007)                        
  Bayley-III cognitive \> BDI-2 communication (*P* = 0.016)               Bayley-III expressive language \> Stunting (*P* = 0.022)              
  Bayley-III cognitive \> FCI (*P* = 0.035)                               Bayley-III cognitive \> Height-for-age (*P* = 0.001)                  
  Bayley-III cognitive \> Stunting (*P* \<0.0001)                         Bayley-III receptive language \> Height-for-age (*P* = 0.017)         
  Bayley-III receptive language \> Stunting (*P* = 0.010)                 Bayley-III expressive language \> Height-for-age (*P* = 0.003)        
  Bayley-III expressive language \> Stunting (*P* = 0.007)                Denver-II fine motor-adaptive \> Stunting (*P* = 0.012)               
  Bayley-III cognitive \> Height-for-age (*P* \<0.0001)                   Denver-II fine motor-adaptive \> Height-for-age (*P* = 0.004)         
  Bayley-III receptive language \> Height-for-age (*P* = 0.010)                                                                                 
  Bayley-III expressive language \> Height-for-age (*P* = 0.008)                                                                                
  Denver-II fine motor-adaptive \> Stunting (*P* = 0.004)                                                                                       
  Denver-II language \> Stunting (*P* = 0.046)                                                                                                  
                                                                          Denver-II fine motor-adaptive \> Height-for-age (*P* = 0.007)         
  Denver-II language \> Height-for-age (*P* = 0.045)                                                                                            

Number of observations for each correlation compared as in [Table 3](#pone.0231317.t003){ref-type="table"}. *P* values of comparisons computed using bootstrap methods, stratifying by the design strata: socio-economic sector and age (n = 2,000 replications).

Multi-dimensional tests {#sec011}
-----------------------

Under 19 months, all tests had very low predictive validity (all *r* \<0.185), although some were significant (Bayley-III cognition and receptive language, and ASQ-3 cognition).

At 19--30 months, the Bayley-III, Denver-II and BDI-2 cognitive and language scales had similar low but significant correlations with FSIQ (*r* = 0.330, *P \<*0.001; *r* = 0.229, *P \<*0.01; *r* = 0.221, *P \<*0.01, respectively for cognition; and *r* = 0.307, *P \<*0.001; *r* = 0.214, *P \<*0.01; *r* = 0.244, *P \<*0.01, for receptive language/language). All three tests' cognitive scales had significantly higher correlations than the ASQ-3 cognition ([Table 4](#pone.0231317.t004){ref-type="table"}), which was not significantly related to FSIQ ([Table 3](#pone.0231317.t003){ref-type="table"}). The ASQ-3 language also had very low correlations (*r* = 0.180, *P \<*0.05) but not significantly different from other scales.

At 31--42 months, correlations of the four multi-dimensional tests with FSIQ increased and were significant. The Bayley-III cognition (*r* = 0.474, *P \<*0.001) and receptive language (*r* = 0.409, *P \<*0.001) and the Denver-II cognition (*r* = 0.422, *P \<*0.001) had the highest predictive validity with moderate levels, whereas the others were low (*r* = 0.271--0.386, *P* \<0.05). The Bayley-III cognition was not different from the Denver-II language or cognition but was significantly higher than the BDI-2 and ASQ-3 language, and than the ASQ-3 cognition ([Table 4](#pone.0231317.t004){ref-type="table"}).

The increase of the correlations across age groups was significant between the youngest age group (children 6--18 months) and the oldest (children 31--42 months) for the Bayley-III and the Denver-II cognitive and language scales ([S3 Table](#pone.0231317.s003){ref-type="supplementary-material"}). For the Bayley-III scales the increase was also significant between the youngest and the middle age group (children 19--30 months).

Fine motor scales were generally less predictive of FSIQ than language or cognition (all *r* \<0.353), except for the Denver-II where it is combined with cognition. Gross motor scales showed very little association with FSIQ (all *r* \<0.228), with the highest values for the BDI-2 where it is combined with fine motor.

Single-domain tests {#sec012}
-------------------

Similar to the other short tests, the SFII was not significantly correlated with FSIQ below 19 months. At 19--30 months, however, this correlation (*r* = 0.301, *P* \<0.001) was low and similar to those of the Bayley-III cognitive and language scales and slightly higher than those in the other tests, although only significantly higher than the ASQ-3 cognition (*P \<*0.000, [Table 4](#pone.0231317.t004){ref-type="table"}). The increase in predictive validity between the SFI (children 8--18 months) and the SFII (children 19--30 months) was statistically significant ([S3 Table](#pone.0231317.s003){ref-type="supplementary-material"}).

The WHO-Motor did not significantly predict FSIQ.

Family Care Indicators (FCI), height-for-age, and stunting {#sec013}
----------------------------------------------------------

The FCI had a very low but significant correlation with FSIQ below 19 months (*r* = 0.183, *P* \<0.01), which increased to low at 19--30 months (*r* = 0.362, *P* \<0.001), similar to the correlations of the Bayley-III cognitive and language scales and significantly higher than those in the ASQ-3 and the Denver-II cognition. This increase was statistically significant ([S3 Table](#pone.0231317.s003){ref-type="supplementary-material"}). At 31--42 months, the FCI correlation with FSIQ remained low (*r* = 0.329, *P* \<0.001) and was comparable to those in other short tests. It was, however, significantly lower than that of the Bayley-III cognition (*P =* 0.035, [Table 4](#pone.0231317.t004){ref-type="table"}).

The predictive validity of height-for-age and stunting increased with age, although the increase was not statistically significant ([S3 Table](#pone.0231317.s003){ref-type="supplementary-material"}). Neither were significant at 6--18 months. At 19--30 months, both were very low (*r* = 0.164 for height-for-age; *r* = -0.179 for stunting; both *P* \<0.001) and significantly less predictive than the FCI (*P =* 0.012 for stunting, *P* = 0.004 for height-for-age, [Table 4](#pone.0231317.t004){ref-type="table"}). At 31--42 months, these predictive validities increased slightly to low levels (*r* = 0.203 for height-for-age; *r* = -0.200 for stunting, both *P* \<0.001). Height-for-age remained significantly lower than the Bayley-III and Denver-II cognition and language (*P* = 0.001, [Table 4](#pone.0231317.t004){ref-type="table"}), but not than the FCI.

Six-monthly age intervals analyses {#sec014}
----------------------------------

Analyses of Bayley-III, FCI, height-for-age, and stunting in 6-months-of-age intervals under 19 months showed that none significantly predicted FSIQ before 12 months. At 13--18 months, the correlations of Bayley-III cognition, receptive language and fine motor with FSIQ increased (*r* = 0.231, *P*\<0.05; *r* = 0.204, *P*\<0.1; *r* = 0.190, *P*\<0.1, respectively). The FCI was also predictive (*r* = 0.240, *P*\<0.05) but not height-for-age nor stunting.

Analyses were repeated using FSIQ externally standardized scores, scores internally standardized using traditional methods, ASQ-3 scores using the original 6-item questionnaires, dropping outliers \<-2 SD in the FSIQ distribution, and weighting by the inverse probability of being assessed in middle childhood to correct for loss at follow-up. Results were little altered in all cases.

Discussion {#sec015}
==========

As expected, the Bayley-III generally had the highest predictive validity, but was not significant under 12 months, it was very low at 13--18 months, low from 19--30, and became moderate at 31--42 months. It is recognized that standard tests given before 24 months have low associations with abilities in later childhood \[[@pone.0231317.ref022],[@pone.0231317.ref044]\] and our findings are comparable to those reported elsewhere \[[@pone.0231317.ref002],[@pone.0231317.ref028],[@pone.0231317.ref030],[@pone.0231317.ref045],[@pone.0231317.ref046]\].

The sample was well balanced across the three 12 months-of-age groups of analysis. Predictive validity of the tests generally increased with age, the differences being particularly significant between 6--18 and 31--42 months for the Bayley-III and the Denver-II. All short tests had very low predictive validity before 19 months and hence little value as predictors of future functioning. At 19--30 months, the Denver-II and BDI-2 cognitive and language scales had similar low correlations to the Bayley-III and the correlations of all three cognitive scales were significantly higher than that of the ASQ-3. At 31--42 months, the Denver-II and Bayley-III had similar moderate levels, whereas the BDI-2 and ASQ-3 were significantly lower than the Bayley-III.

The WHO-Motor was not predictive of IQ or school achievement. In contrast, in Bangladesh, age of attainment of motor milestones showed significant but low associations with IQ at 5 years \[[@pone.0231317.ref028]\]. However, the age of attainment of milestones was recorded by the mothers throughout the first year which would probably be more accurate than a one-off examination. In high-income countries, early motor scores were also weaker predictors of later function than language and cognitive scores \[[@pone.0231317.ref047]\].

The SFII's predictive validity was comparable to that of the Bayley-III language and cognition, at ages 19--30 months, when vocabulary acquisition is rapidly increasing. In Bangladesh, a similar vocabulary test given at age 18 months also had comparable predictive ability with IQ at 5 years \[[@pone.0231317.ref030]\]. Maternal reports do not require the child to engage with the tester, which is an advantage as young children in LMICs are often inhibited. Nonetheless, while the SFII is available in many languages \[[@pone.0231317.ref048]\], new inventories would have to be developed for new languages and regional adaptations may be required for existing inventories. In the US, the SFs at 24 months were also as predictive of later language as the Bayley-III, although predictive validity varied by social background \[[@pone.0231317.ref049]\].

The choice of which specific test to use should be informed by the cost of the test, administration time and skill required, as well as concurrent and predictive validity. Over age 18 months, of the short tests investigated, the Denver-II appeared to be the best candidate for use at scale, showing the closest predictive ability to the Bayley-III, although it was low-to-moderate, as indicated earlier. The BDI-2 took too long; and the ASQ-3 had poor validity under 31 months. The Denver-II administration took around 27 minutes, approximately one third of the time for a Bayley-III test. However, this time may still be too long in large scale studies. Although multi-dimensional tests are generally desirable \[[@pone.0231317.ref050]\], particularly if resources are limited, a possible compromise might be to use only the cognitive and language scales of the selected test to shorten assessments since these scales are the most likely to be affected by poverty \[[@pone.0231317.ref031],[@pone.0231317.ref051]\] and have the highest predictive ability. Another alternative is to use single-domain tests. The SFII, for example, can be useful at 19--30 months if available in the local language. Research is however needed to extend findings to 36 months and to develop SFs versions in new languages.

The choice of the test also depends on the objectives of the survey \[[@pone.0231317.ref010]\]. Caregiver reports might be better suited for the evaluation of population-based indicators and less convenient to evaluate psychosocial stimulation programs as they may suffer from "observation" bias, if mothers in the treatment group spend more time with the child and are more aware of the process of development/achievement of milestones as a result of the intervention. Moreover, intervened mothers may be biased towards making optimistic claims of their children's development to report on intervention success ("desirability" bias). Similarly, the evaluation of nutritional interventions might favor the use of a gross motor scale, which would not be advised to evaluate psychosocial stimulation interventions given the lower predictive ability of later intellectual functioning of the gross motor scales investigated compared to the cognitive and language ones. Whilst both the Denver-II and the SFII have been found to be sensitive to the impact of cash transfer programs in Nicaragua \[[@pone.0231317.ref012]\] and Ecuador \[[@pone.0231317.ref013]\], respectively, further investigation of sensitivity to interventions for all short tests would be helpful.

It is remarkable that under 31 months the FCI showed similar or higher predictive ability than any test including the Bayley-III. It is free, quick (10--15 min) and easy to give, provides information on useful activities for parents (although not on responsive caregiving) and has been widely used in international surveys---most notably, UNICEF's Multiple Indicator Cluster Surveys \[[@pone.0231317.ref027]\]. Whilst individual item performance can vary depending on the context and children's age, home environment quality has been identified as a relevant protective factor \[[@pone.0231317.ref025],[@pone.0231317.ref026]\] and the FCI has often improved with ECD interventions \[[@pone.0231317.ref052]--[@pone.0231317.ref054]\]. We hypothesize that adding the FCI to the Denver-II cognitive and language scales as suggested above might improve the sensitivity of a program evaluation and needs to be investigated elsewhere.

Furthermore, although stunting has been used as an indicator of inadequate child development globally \[[@pone.0231317.ref001],[@pone.0231317.ref024]\], the FCI was a better predictor of future overall intellectual functioning and school achievement in this population. If these findings are replicated in countries with different home environments and stunting severity and prevalence, combining both indicators would be a more effective population-based indicator.

Finally, the above findings could be extrapolated to urban Colombia and possibly urban areas in other Latin American countries. Following our earlier study of these tests' concurrent validity \[[@pone.0231317.ref010]\], it was shown that the Denver-II was also appropriate for Brazil \[[@pone.0231317.ref055]\]. Further studies would be required before extrapolating to rural areas and other LMICs.

The number of short tests included in the current study was limited due to time and budgetary constraints. Short tests likely to be more suitable for Africa and Asia, such as the Malawi Developmental Assessment Tool (MDAT) \[[@pone.0231317.ref056]\] could be similarly evaluated. Moreover, several tests are currently under development including population-based and individual-level instruments for children 0--36 months \[[@pone.0231317.ref003],[@pone.0231317.ref004]\] using a new approach, the D-score, which summarizes overall development using an interval scale \[[@pone.0231317.ref057]\]. After further piloting, these may be appropriate for use globally \[[@pone.0231317.ref004]\].

An important point is that some of the short tests have been shown to have good sensitivity and specificity when identifying children in LMICs at high-risk of disability \[[@pone.0231317.ref058]\]. By design, our study did not address this issue: the study sample was insufficient, not representative of high-risk populations (e.g. premature or low birthweight children), and obviously disabled children were excluded \[[@pone.0231317.ref010]\]. Therefore, our findings and recommendations are not generalizable to these subpopulation groups.

Study limitations include the high attrition and the lack of standardization of the middle childhood tests for Colombia. However, weighting the analyses for sample loss did not change the findings, and the middle childhood tests showed good reliability and correlated with socio-economic characteristics, with each other, and with earlier measures of development, thus appearing to be valid in this population. Another problem is that the Denver-II does not have a separate cognitive scale per se. However, the fine motor-adaptive scale combines cognitive and fine motor items and we have shown that it correlated well with later IQ, better or similar to the cognitive scales in other short tests and similar to the Bayley-III cognition for children 19 months and older. A further limitation is that the predictive validity of the early tests might be partly confounded with the performance of the middle childhood tests since, in middle childhood, all children were tested 5.5 years after the early assessment. Performance of the middle childhood tests seems to increase with age according to some reliability and validity indicators (correlations of tests with each other and with socio-economic variables) but not to some others (internal consistency).

Study strengths are the large, population-based (albeit urban) sample of children assessed in early and in middle childhood, the number of tests evaluated, and the quality of the 'gold standard'.

Conclusions {#sec016}
===========

The predictive validity of all tests generally increased with age. Language and cognition were the scales with the highest predictive validity. No short test had useful predictive ability under 19 months and, after this age, predictive validity values were only low-to-moderate at best. The SFII from 19--30 months and the Denver-II from 19--42 months were the most feasible and valid short tests of those investigated. Under 31 months, the FCI was as good a predictor as the Bayley-III and better than stunting. These findings suggest that it may be worth piloting a combination of the FCI and the language and cognitive scales of the Denver-II to evaluate large ECD interventions with children under 36 months. Adding the FCI to stunting may also improve the global estimate of children at risk of poor development (population-based indicator). These findings need to be examined in other regions, when recently developed tests, could be included.

Supporting information {#sec017}
======================

###### Raw scores for the Bayley-III, short tests, WISC-V and school achievement measures, and composite (Externally Standardized) scores for the Bayley-III. all children and by test battery given at enrollment.

(DOCX)
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Click here for additional data file.

###### Correlations of WISC-V and school achievement raw scores with age and school grade in middle childhood.

(DOCX)

###### 

Click here for additional data file.

###### Test of significance (*P* values) of Correlations between age groups: Cognitive and language scales of the Bayley-III, the short tests, the FCI, height-for-age, and stunting on enrollment with later FSIQ and school achievement.

(DOCX)

###### 

Click here for additional data file.

###### Predictive validity of the Bayley-III and the short tests at 6--42 months of school achievement at 6--8 years, by age group and domain.

(TIF)

###### 

Click here for additional data file.

###### STROBE checklist.

(PDF)

###### 

Click here for additional data file.

###### Approved study protocols.

Study protocols approved by IRB at *Instituto de Ortopedia Infantil Roosevelt* in Bogota, Colombia (in Spanish).

(PDF)

###### 

Click here for additional data file.
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Reviewer \#1: PONE-D-19-20029 Predictive validity in middle childhood of short tests of 1 early childhood development (ECD) used in large scale studies compared to the Bayley-III, the Family Care Indicators and stunting: A longitudinal study in Bogota, Colombia

Abstract first sentence and Line 60. It is not clear why interventions are hindered by large-scale measurement of child development. This implies that large-scale interventions require that all children be tested, rather than a representative sample, as is usual. Otherwise, the most convincing rationale for this study was the value in having population-level indicators. Perhaps reference to evaluations of programs can be deleted.

Abstract. The data do not really support the first part of the final statement, namely that the FCI is an appropriate indicator for evaluations of programmes promoting mental development. However, I do agree with the second part, that the FCI and stunting together could be used as population-level proxies of mental development.

Introduction

Instead of the \#2 Frongillo reference (are any of these authors experts in educational/psychological measurement of child development?) you might include the 2017 World Bank toolkit of Lia Fernald and Beth Prado.

Lines 67 -- 69. They Bayley III scales are characterized as "extremely expensive, take a long time to administer and require highly trained professionals. This makes them infeasible for use at scale." This characterization is inaccurate and will result in researchers avoiding direct child assessment in favor of biased caregiver reports. The statements should be revised. The Bayley is expensive only in some countries, notably the US and UK; they do not need to be used in their entirety, and if cognitive and language are used without motor or socio-emotional, the time is cut in half; most researchers in low-income countries do not use professionals, though they are trained to standard. The Bayley is being used at scale when a representative subsample is assessed, rather than all treated children (as in Bangladesh).

Methods

1,533 children living in urban Colombia aged 6-42 months, 1311 of whom received the Bayley along with two or more shorter tests, were followed up when 6 to 8 years of age and tested on the WISC, picture receptive vocabulary, and school achievement. It is hard to believe that children of 6 to 42 months would sit for an 80-minute testing and that children of 6 -- 8 years would sit for a 90-minute test with a 5-10 minute break! Fortunately the HOME was used for older children in addition to the Family Care Indicator.

The tests are mainly caregiver report and only under certain conditions is the child directly tested. So the phrase should be "mainly caregiver report and less direct child assessment". Even the Bayley socio-emotional score is probably the caregiver report; this should be noted as different from the other Bayley scales.

Line 163, 261. The Denver fine motor-adaptive subscale does not really include cognitive items in the usual sense of problem solving, matching and memory \-- stacking cubes and scribbling with a pencil don't reflect cognitive development, which is the important facet of mental development. This is the downside of the Denver; the other being a caregiver report which entails too many potential biases to be used in most nurturing care programs.

Lines from 186 are a repeat of lines 92 -- 95.

The inter-observer reliability data suggest that there was no practice effect for children from test to re-test. Is this so?

Results

The tables are useful for comparing correlations of WISC and Achievement with earlier measures.

I did not see correlations of the measures with child's age and grade level for the older children. These correlations would also address concurrent validity. This is different from partialling age in the analyses (or standardizing within age).

It is problematic not to be able to see all raw scores. In a few cases, raw scores were given but in other cases only internally standardized scores were provided. Raw scores with ranges are useful in knowing the nature of this sample and how it compares with other samples in LMIC. Please provide raw scores for variables in table 1.

Could you present the correlations of height-for-age, not only stunting, with other measures?

Discussion

Any researcher looking at Table 3 would zoom in on the Bayley cognitive subscale as showing the strongest correlations. Some of the others may not be significantly different in correlation size, but they are noticeably lower.

The Discussion para starting line 403 could be more balanced. The Denver lacks a cognitive scale and this reduces its appeal. The suggestion to use only cognitive and language (receptive if children are inhibited) scales is helpful and will simplify the decision for many researchers (did people think otherwise?). This cuts the time to 40 min for the Bayley. Many researchers already use non-professionals with no/little psychology background; this also simplifies the decision. Also, you did not address the important fact that parents participating in a psychosocial stimulation program will be influenced by this and so their reports of child cognition and language will be biased. So caregiver report screeners can be used only in health, nutrition and cash transfer programs. These points need to be raised here.

Line 417. There is a problem with the FCI when used with children 6 to 48 months of age. Bornstein (2015) showed that prevalence for several items asymptotes at a high rate at 4 months of age, and other items like counting and drawing asymptote at a low rate at 4 years. So not all items are relevant for low-income countries at all these ages.

Line 423. FCI is a continuous score and stunting is dichotomized. Why not make both continuous or both dichotomous?

Limitations should be expanded. The Malawi Developmental Assessment measure was excluded here. Limitations of caregiver reports could be expanded. The nature of this sample -- urban and involved in programs.

Reviewer \#2: The authors have done an interesting study and collected a lot of data in a longitudinal project for which congratulations are in order! Important is also that they collected data on child development, but also on family care indicators,

I have only a few comments on the paper.

The ASQ is developed to be answered by parents, but an interview was used in stead. Did the authors also have some data available to check the reliability of the interview procedure with a sole parent report? Could there be a difference? Could the information also be provided by a day care worker? Perhaps the authors could pay attention to this aspect in their discussion.

No Columbian norms were available for any of the assessments; did all the assessments have norms based on the USA population? Would the authors expect stronger relationships over time when Columbian norms would be available?

An important reason to use early developmental tests or screeners, is to identify children at risk for later developmental problems. The authors state that their study was not designed to result in sensitivity and specificity data, as they did not study subgroups at risk. Indeed, population specific norms are important to base such information on. In the discussion they do make suggestions for combinations of assessments to be used for further pilot studies to acquire population based indicators of poor development. Do they think that the same assessment batteries could provide indicators of poor development in general, even global, populations, or that specific instruments would be neededin subgroups of children at risk?

Minor points

The legenda in Table 1 regarding missing data is not clear: I read as if 477 children had missing data for being stunted: is that correct?

ASQ cognition probably reflect the Problem solving dimension?

Reviewer \#3: This manuscript focuses on the important topics of: (1) the lack of measures of children\'s early childhood development for use in low and middle income countries and (2) the uncertain predictive validity of existing measures, including the inexpensive short form or single domain measures often used in survey research. The study therefore followed a large (\> 1,000) sample of children from Bogota Columbia from 6-42 months in 2011 to ages 6-8 in 2016.

Broadly, the study is well designed, executed and reported, although addressing several issue would strengthen the manuscript.

1\) The authors note in several places that some measures are "expensive" and others fall in the middle or are "cheapest." Can numbers be attached to these statements, even if rounded or a range, to help the reader benchmark what is expensive and what is cheap?

2\) The Bayley-III is considered the gold standard. To what extent has its reliability and validity for low/middle income and Spanish speaking children?

3\) What are the authors considering as "acceptable" predictive validity (p. 6)?

4\) Although broadly the authors well describe the study design and implementation, including sample loss, a few things are not clear:

a\) How many age/sector strata were there?

b\) What defined study eligibility?

c\) How many children were eligible?

d\) What was the response rate among eligible children? Was this different by strata?

e\) Clarifying the above will also help explain the statement in lines 143-145 regarding what seems to be one strata (sector but not age is clear) that was dropped due to low response rate.

f\) The above might be incorporated into Figure 1, preceding the n=1,533. Also, are the blocks in Figure 1 synonymous with strata?

f\) The authors appear to use the bootstrap methods to adjust for strata (e.g., note to Table 2). Making that clear when the use of strata in the design is presented would help the reader. Also, was there any oversampling within/across strata, suggesting sampling weights would also be needed (Heering, West & Berglund, Applied Survey Data Analysis, Chapman & Hall).

g\) As I understand it, the PPVT and TVIP identify the child's approximate word knowledge and then show words around that target level. It is thus not clear why a subset of words were selected from the TVIP? Is this allowable in the standard instructions for the TVIP, or was permission received from the TVIP developers to make that change and call the scores TVIP scores?

h\) Why was principal component rather than factor analysis used? Does the MC-HOME have a standard scoring? If so, why wasn't that standard scoring used?

i\) Were results sensitive to whether raw scores or full sample standardized scores were used, rather than age-standardized scores? What is the conceptual rationale for using age-standardized scores? (This question is returned to below).

j\) The authors refer to removing testers/interviewers effects "as done previously" and provide a citation. For the paper to "stand on its own" this adjustment should be briefly described so that it is transparent to the readers of this paper. Again, sensitivity to this adjustment would also be of value.

k\) The point on lines 248-250 that the age-standardization process has the advantage of handling age consistently across tests makes sense, but it is not clear how the approach is "less sensitive to small samples." By the latter do you mean that use calculated the means and SDs non-parametrically? Even if this is the meaning of the statement, it is not clear how norms from reference populations would be more sensitive to small samples, since often norming samples are large and likely as large or larger than your within-age samples. Clarifying the meaning of your statement would help.

l\) Analysis within 12-month-of-age ranges is sensible, but as a reader I wanted this plan to be more explicit earlier in the paper, with the age ranges (how many, min/max age) explicitly defined and its rationale and connection to the design offered.

m\) The statement on p. 258-260 seems to be combining two ideas, and relates to the request of clarifying why you chose to age-standardize. You seem to be implying that computing correlations within 12-month-age-bands is equivalent to controlling for age. However, the analysis approach assumes correlations are the same within 12-month-age bands and allows them to differ across 12-month-age-bands. It seems there would be a conceptual motivation for looking at analyses within 12-month-age-bands, as discussed below.

n\) In lines 270-272 the authors note that sample sizes varied across tests. A table that summarizes the tests, and any sample loss that is built in (due to eligibility for the test) and that is not (due to refusals or data errors) would be helpful. Such a table could also contain the names, acronyms, and study-defined types of the tests (incorporating aspects of the glossary at the start of the paper). If the latter type of test-level missing was extensive in some cases, did the authors examine how those with and without scores differ and consider addressing it with multiple imputation or FIML?

o\) What does "Migrants were tracked whenever feasible" mean? (line 281).

p\) Table 2 lists "n = 2000 replications" which appears to correspond to bootstrapping. What was the number of children on which each value was based?

q\) Did the authors test whether the correlations differed significantly across the age groups in Table 3? Adding confidence intervals would both show the uncertainty of estimation and allow readers to see which estimates overlapped across age groups.

5\) The authors might attend to the following in the discussion:

a\) The authors provide recommendations to readers about which tests they might use, based on the results. Doing so is helpful, but as a reader I felt at times the recommendations focused on relative rather than absolute predictive validity (e.g., p. 405-406). The authors might remind the reader that the predictive validity is low-to-moderate.

b\) In lines 417-422, the authors might be careful to acknowledge that the FCI may proxy for other aspects of household or community resources that would be the better proximal cause for intervention, given this study is simply focusing on correlations.

6\) Figure 2 does not well "stand on its own"

a\) The acronyms should be defined in the note (or refer the reader to where to find the definitions).

b\) The Y axes are not labelled.

c\) The n's on which the values in the Figure are based should also be clear either in each the legends/titles/axes or the table notes (or tell the reader where to find the n's in another table that explicitly adds and lists them).

d\) The Y axis or table note should also make clear what is being correlated with what: that each correlation is between the kids in the younger age group with their own scores 5 years later. For that reason, it would be preferable on the X axis to list the follow-up along with the initial age-range, as those together define the meaning of the correlation (e.g., B: 6-18 m, F: \~ 6y; B: 19-30 m, F \~ 7y; B: 31-42 m, F \~ 8y).

7\) This point just noted about labelling the X axis relates to a broader conceptual question that should receive more attention throughout the paper. The study design starts with children in three age bands, centered on age 1, age 2, and age 3. These children are followed up 5 years later at ages 6, 7, and 8, respectively. Thus the size of the correlations depend on both how well the measures used in early childhood capture each latent construct at those early ages, and how well the measures used in middle childhood capture each latent construct at those later ages. In other words, the lower correlations for the "6-18 months" group may to some degree reflect how well the middle childhood tests measure outcomes for 6 year olds versus 8 year olds. If the study could have followed children to age 8, the meaning would have been further strengthened. Presumably that wasn't done in 2018, but the meaning of the values presented should be clear (as in the labels of Figure 2) and the rationale for the design and its interpretation should be clearer throughout the paper. More attention to the reliability and validity of the middle childhood measures (including the WISC, but also school achievement - are 6, 7, and 8 year olds all in schools of similar type in this context?) for these ages, and especially in lower/middle income countries and for Spanish speaking children, would be of value.
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Responses from the authors to the academic editor and reviewer's comments

We thank the editor and the reviewers for their valuable and detailed comments, which have substantially improved the clarity and flow of the Manuscript.

We respond below to the reviewers' comments. For clarity we retain the comments and add our response in italics. We have numbered the reviewers' comments to facilitate cross-references to our responses. Please note that the references to the line numbers were edits have been made correspond to the version of the Manuscript without tracked changes (clean version).

Academic Editor Comments to the Authors

Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at: <http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

Response: Thanks for the links to the guidelines. We have carefully reviewed the manuscript and first page to ensure PLOS ONE's style requirements are met. To facilitate the reading of the final Manuscript with tracked changes, we have not tracked the formatting changes we have made.

1\. We noticed you have some minor occurrence of overlapping text with the following previous publication, which needs to be addressed: Rubio-Codina, Marta, et al. \"Concurrent validity and feasibility of short tests currently used to measure early childhood development in large scale studies.\" PLoS One 11.8 (2016): e0160962. In your revision ensure you cite all your sources (including your own works), and quote or rephrase any duplicated text outside the methods section. Further consideration is dependent on these concerns being addressed.

Response: We have contrasted the revised manuscript against the publication mentioned for duplicated text outside the Methods section and either cited or quoted/rephrased any duplication found, as suggested. Thanks for the suggestion.

2\. We note that you have stated that you will provide repository information for your data at acceptance. Should your manuscript be accepted for publication, we will hold it until you provide the relevant accession numbers or DOIs necessary to access your data. If you wish to make changes to your Data Availability statement, please describe these changes in your cover letter and we will update your Data Availability statement to reflect the information you provide.

Response: We understand that the manuscript will be held until the relevant accession numbers to access the data are provided and agree with this procedure. Therefore, no changes are needed to the Data Availability Statement.

Reviewer Comments to the Author

Reviewer \#1: PONE-D-19-20029. Predictive validity in middle childhood of short tests of 1 early childhood development (ECD) used in large scale studies compared to the Bayley-III, the Family Care Indicators and stunting: A longitudinal study in Bogota, Colombia.

1\. Abstract first sentence and Line 60. It is not clear why interventions are hindered by large-scale measurement of child development. This implies that large-scale interventions require that all children be tested, rather than a representative sample, as is usual. Otherwise, the most convincing rationale for this study was the value in having population-level indicators. Perhaps reference to evaluations of programs can be deleted.

Response: We certainly agree with the need to identify cost-effective tools that can produce population-level indicators of child development. There are efforts underway to this end (see references in line 50 in the clean version of the Manuscript, line 66 in the old version of the Manuscript). Nonetheless, in large scale studies, testing even a representative sample of the population of interest can be expensive and, in our and other colleagues' experience, it has limited evaluation efforts. Currently, each Bayley-III kit costs \$1,159 USD and each pack of 25 record forms costs \$138.75 USD (or 5.55 USD per form; this is, 5.55 USD per child tested as one form is needed for each child). In addition, one would have to add the cost of translation of the test forms and manuals (the test is available to be purchased in English and Spanish ; but not in any other language), the cost of adapting the test and any test materials, as well as the cost of piloting the adaptations.

A further problem is that the Bayley Scales require more skilled testers than the short tests and longer training; and people with this level of skills are usually not readily available in poor or remote areas so that the testers not only require higher salaries but also need to travel further, which results in higher costs (honoraria, travel and per diems of the testers).

The World Bank 2017 measurement toolkit concurs with these points: "administration of these tests requires a certain level of technical expertise and may be cumbersome for assessments that require a lot of manipulatives (e.g., Bayley Scales of Infant Development)." (Fernald, Prado, Kariger, & Raikes, 2017, p. 60). The authors of the toolkit also refer to time, cost, and copyright issues as limitations of the Bayley-III for administration in the context of program evaluations and hypothesis-driven research (see p. 65). Therefore, considering the above, we prefer to keep the statement about the Bayley-III being not feasible to use at scale, but have amended it to focus on the evaluation: "However, evaluation is hindered by the lack of valid developmental tests feasible for use at large scale" (lines 18-19) and "However, evaluation of these efforts is impeded by the lack of reliable, valid, and easy-to-collect measures of ECD, particularly for children under age three years" (lines 43-45).

We are not implying that all children in an intervention need to be tested. However, in large scale programs a considerable number of children need to be tested especially where there is heterogeneity in the population. As an example, the sample size for the impact evaluation of Cuna Más, the nationwide home visiting program in Peru, currently covering over 93,000 families in rural areas, was of 5,859 children 1-24 months of age in 180 districts (municipalities) (Araujo et al. 2019). These numbers were informed by rigorous power calculations. The size of this representative evaluation sample and other costs/limitations associated with the administration of the Bayley-III did prevent the government from using the test: the per child administration fee alone (this is, the cost of the record forms) would have amounted to \$32,224.5 USD! The ASQ-3 was used instead for the representative evaluation sample. Owing to space restrictions, we have not added this example in the Abstract.

2\. The data do not really support the first part of the final statement, namely that the FCI is an appropriate indicator for evaluations of programmes promoting mental development. However, I do agree with the second part, that the FCI and stunting together could be used as population-level proxies of mental development.

Response: Thanks for pointing this out. Suggesting that the FCI could be used alone for evaluation was an oversight. We had already indicated in the Conclusions (previous lines 446-448, current lines 527-529), that we are suggesting piloting the use of the FCI in combination with the language and cognitive scales of the Denver-II for large ECD evaluations. However, we have now dropped the statement from the Abstract and left it in the Discussion as a hypothesis to be examined (lines 487-489): "We hypothesize that adding the FCI to the Denver-II cognitive and language scales as suggested above might improve the sensitivity of a program evaluation and needs to be investigated elsewhere".

Introduction

3\. Instead of the \#2 Frongillo reference (are any of these authors experts in educational/psychological measurement of child development?) you might include the 2017 World Bank toolkit of Lia Fernald and Beth Prado.

Response: The reference has been changed to the one suggested.

4\. Lines 67 -- 69. They Bayley III scales are characterized as "extremely expensive, take a long time to administer and require highly trained professionals. This makes them infeasible for use at scale." This characterization is inaccurate and will result in researchers avoiding direct child assessment in favor of biased caregiver reports. The statements should be revised. The Bayley is expensive only in some countries, notably the US and UK; they do not need to be used in their entirety, and if cognitive and language are used without motor or socio-emotional, the time is cut in half; most researchers in low-income countries do not use professionals, though they are trained to standard. The Bayley is being used at scale when a representative subsample is assessed, rather than all treated children (as in Bangladesh).

Response: Please see our response to Comment 1 above by Reviewer 1 re the cost of administering the Bayley-III. Moreover, please note that the use of the Bayley-III remains expensive outside the US and the UK since one must not only buy the kits and record forms from the publisher---either in the US or the UK, and pay for transportation costs and customs costs in addition; or from the local branches (often a cumbersome process)---but also to additionally cover all translation and adaptation costs. Any translations/backtranslations/adaptations made are paid by the researchers/users and checked by the publisher, who retains their ownership. This is 'equivalent' to a translation fee. Furthermore, any future use of a previously translated test, even by the same researchers who carried out the translation, requires the payment of a usage fee.

Given the number of manipulatives required and the complexity in administering the test, it is consistently recommended to use testers with "a certain level of technical expertise" to administer tests like the Bayley-III, both by experts (Fernald et al., 2017, p. 65) and by the test developer (see Bayley-III administration manual, Bayley, 2006). In the current study, we took 6 weeks to train 6 recent graduates in Psychology to standard on the Bayley-III (and paid them during the entire training period).

Therefore, we have marginally edited the sentence -- see current lines 50-53, which now read "Whilst existing diagnostic tests such as the Bayley Scales \[5,6\] are sensitive to ECD interventions \[2,7--9\], they are very expensive, take a long time to administer and require highly trained testers with a certain level of technical expertise \[2\]. These aspects make their use at scale very difficult \[10\]."

We do agree with the suggestion of using only cognitive and language scales when appropriate. But, with the Bayley-III, this might still involve 30-45 minutes of test, depending on the child's age, ability and collaboration, which is likely to still be too long for large scale studies. We have already suggested using these scales but from the Denver-II rather than the Bayley-III (previous lines 447-448, current lines 662-665), which have not been modified.

We have now added the cost of the tests in the Enrollment assessments to substantiate the claim of the Bayley-III being expensive and in response to this Reviewer and to Reviewer 3, Comment 1: "The Bayley-III was the most expensive test (\$1,025 US per kit; \$4.89 US per child fee, at the time of assessment) and its administration took 83 minutes on average. The BDI-2 took 63 minutes and was also expensive (\$405.70 US per kit; \$3.08 US per child fee), whilst the Denver-II (27 minutes) and ASQ-3 (20 minutes) were intermediate both in time and cost (Denver-II: \$200 US per kit; \$0.45 US per child fee and ASQ-3: \$275 US per kit; no per child fee). As expected, the single-domain tests were quickest (6-8 minutes) and cheapest (SFs: \$90 US per kit including both forms, \$1 US per child fee; WHO: free).", lines 197-203.

Methods

5\. 1,533 children living in urban Colombia aged 6-42 months, 1311 of whom received the Bayley along with two or more shorter tests, were followed up when 6 to 8 years of age and tested on the WISC, picture receptive vocabulary, and school achievement. It is hard to believe that children of 6 to 42 months would sit for an 80-minute testing and that children of 6 -- 8 years would sit for a 90-minute test with a 5-10 minute break! Fortunately the HOME was used for older children in addition to the Family Care Indicator.

Response: Children were allowed as many breaks as required during the administration of the Bayley-III and of the WISC-V/school achievement tests, especially in early childhood (Bayley-III administration). On a few occasions, the test could not be completed in one sitting and had to be suspended and resumed later in the day or on another day. In middle childhood, 90 minutes was the maximum testing time overall and over half the sample completed the assessments in 76 minutes or less. The time was recorded by the testers and 2% of the tests were observed by a supervisor. We therefore have no reason to disbelieve the data.

6\. The tests are mainly caregiver report and only under certain conditions is the child directly tested. So the phrase should be "mainly caregiver report and less direct child assessment". Even the Bayley socio-emotional score is probably the caregiver report; this should be noted as different from the other Bayley scales.

Response: Actually, many of the short tests administered in early childhood included direct testing of children. Of the short tests only the vocabulary checklists in the SFI and SFII, and the ASQ-3 are intended to be entirely by caregiver report. However, unlike in the original test, items in the ASQ-3 were directly administered to the child whenever the caregiver could not know the answer (as explained in previous lines 165-159, current lines 171-174). All other tests were administered as indicated in the test manuals (as noted in previous lines 164-165, current lines 170-171). The Denver-II is mostly by direct administration and a minority of items, up to 39%, mostly in the personal-social and language scales may be passed by caregiver report (Frankenburg et al., 1990). Similarly, the BDI-2 is mostly administered by direct assessment on the child, although a limited number of items can be collected by caregiver report or by tester observation (Newborg, 2005). Finally, the WHO-Motor was administered on the child exclusively. With regards to the Bayley-III, and as indicated in the manual, yes, the socio-emotional scale is by caregiver report (Bayley, 2006). We have clarified all of the above in the Manuscript as it was not sufficiently well explained (in part, to avoid duplication with the earlier study, Rubio-Codina et al., 2016). The relevant paragraph (lines 166-181) now reads: "The ASQ-3, Denver-II and BDI-2 screeners were multi-dimensional and covered the entire age range. They all combined receptive and expressive language in one communication/language scale. Similarly, the BDI-2 motor scale combined fine and gross motor items; and the Denver-II fine-motor adaptive scale included both fine motor and cognitive items. The ASQ-3 problem solving scale comprises cognition. As reported earlier \[10\], all tests were administered following manual instructions except the ASQ-3, which we modified as follows. Given the low literacy levels of some caregivers, caregiver-completed items were administered by interview in order to ensure all mothers understood the questions similarly. Furthermore, the child was tested if the caregiver did not know the answer. In addition, whenever the scale ceiling was reached, we added the next three non-overlapping items from subsequent questionnaires. This reduced the number of children on the test ceiling by 10.5--15.5% to levels of 1.7--4.8%, depending on the domain, thus increasing the variability in development captured by the test. Similar adaptations have been used elsewhere \[11\]. Following test manuals, the Denver-II and BDI-2 were mostly collected by direct child assessment; although up to 39% of the items in the Denver-II (mainly in the personal-social and language scales) can be obtained by caregiver report and a few BDI-2 items may also be collected by caregiver report or tester observation."

7\. Line 163, 261. The Denver fine motor-adaptive subscale does not really include cognitive items in the usual sense of problem solving, matching and memory \-- stacking cubes and scribbling with a pencil don't reflect cognitive development, which is the important facet of mental development. This is the downside of the Denver; the other being a caregiver report which entails too many potential biases to be used in most nurturing care programs.

Response: Thanks. We say in the paper that the Denver-II fine motor-adaptive scale comprises some fine motor and cognitive items. We think there is evidence supporting the claim that it contains cognition. The Denver-II manual describes the fine motor-adaptive scale as including the "following areas of function: eye-hand coordination, manipulation of small objects, and problem-solving" (Frankenburg et al., 1990, p. 1). Moreover, there are several items in the Denver-II scale that are very similar to items in the Bayley cognitive scale. For example, "look for yarn that falls out of sight", "takes 2 cubes" (holding one in each hand), "removes pellet". In prior analysis of concurrent validity (Rubio-Codina et al., 2016), we found somewhat higher correlations between the Denver-II fine motor-adaptive scale and the Bayley-III cognitive scale than with the Bayley-III fine motor scale in children younger than 30 months. We also show, in the current paper, that the scale correlates well with later IQ, better or similar to the cognitive scales of the ASQ-3 or the BDI-2 and only slightly less well than the Bayley-III cognitive scale. For example, the Bayley-III cognitive score in the age range 31-42 months correlates 0.474 and 0.436 with later IQ and school achievement, respectively, compared with 0.422 and 0.438 for the Denver-II fine motor-adaptive scale. Therefore, we used the Denver-II fine motor-adaptive scale for both cognition and fine motor analyses. We have explained this in the Statistical Analysis section lines 282-287 and in the Discussion as a limitation, lines 508-512. These paragraphs read:

Lines 282-287: "We used the Denver-II fine motor-adaptive scale for both cognition and fine motor analyses, as there is some evidence the scale includes both fine motor and cognitive items. Similar items to some of the Denver items appear in the Bayley-III cognitive scale, and in prior analysis of concurrent validity \[10\], somewhat higher correlations were found between the Denver-II fine motor-adaptive scale and the Bayley-III cognitive scale than with the Bayley-III fine motor scale in children under 30 months."

Lines 508-512: "Another problem is that the Denver-II does not have a separate cognitive scale per se. However, the fine motor-adaptive scale combines cognitive and fine motor items and we have shown that it correlated well with later IQ, better or similar to the cognitive scales in other short tests and similar to the Bayley-III cognition for children 19 months and older."

Finally, as explained in the response to Comment 6 of Reviewer 1, the Denver-II is not primarily a caregiver report test and only a minority of items accept caregiver report.

8\. Lines from 186 are a repeat of lines 92 -- 95.

Response: Thanks for pointing this out. We have edited both paragraphs to avoid repetition. They now read:

Lines 77-81: "The Bayley-III was found to be the most expensive and longest test to give. Whilst also long and expensive, the BDI-2 took, on average, 20 minutes less to administer than the Bayley-III; and the Denver-II and the ASQ-3 took a third of the time or less, being intermediate in time and cost. The single-domain tests were quickest, taking no more than 8 minutes, on average, and were considerably less expensive (the WHO-Motor was free)."

Lines 197-203: "The Bayley-III was the most expensive test (\$1,025 US per kit; \$4.89 US per child fee, at the time of assessment) and its administration took 83 minutes on average. The BDI-2 took 63 minutes and was also expensive (\$405.70 US per kit; \$3.08 US per child fee), whilst the Denver-II (27 minutes) and ASQ-3 (20 minutes) were intermediate both in time and cost (Denver-II: \$200 US per kit; \$0.45 US per child fee and ASQ-3: \$275 US per kit; no per child fee). As expected, the single-domain tests were quickest (6-8 minutes) and cheapest (SFs: \$90 US per kit including both forms, \$1 US per child fee; WHO: free)."

9\. The inter-observer reliability data suggest that there was no practice effect for children from test to re-test. Is this so?

Response: Test-retest reliabilities after 6-14 days reached the usually found acceptable levels: we have added the range in lines 325-326: "Test-retest reliabilities after 6-14 days were also good (\[ICC =0.39-0.88\], ICC \> 0.6 for most tests)." In 16 subjects, each given the 7 subtests of the WISC-V, 77 (68.8%) improved, 13 (11.6%) obtained the same score, and 22 (19.6%) decreased. This indicates a small practice effect, as expected, although it varied by subtest. Similarly, with regards to the 3 tests composing the achievement score, for the 16 subjects, on 22 occasions (45.8%) the score improved, on 4 (8.3%) it remained the same, and on 22 (45.8%) it decreased. We have not updated the text with these details, owing to space restrictions.

Results

10\. The tables are useful for comparing correlations of WISC and Achievement with earlier measures.

I did not see correlations of the measures with child's age and grade level for the older children. These correlations would also address concurrent validity. This is different from partialling age in the analyses (or standardizing within age).

Response: Thanks for this suggestion. We have added the correlations of the raw scores of the components of the FSIQ and Achievement scores in Supplementary Table S2. All correlations are highly significant (all P \<0.000). Correlations of the achievement subtests with age and grade are generally larger than those of the seven subtests that compose the FSIQ in the WISC-V. Note that there is no raw score for the FSIQ score as such, as, by construction, it is the sum of the externally standardized scores of the subtests. Similarly, by construction, there is no raw score of the achievement score.

We have added a reference to Supplementary Table S2 in the Manuscript in lines 322-323: "Raw scores of all middle childhood tests and subtests, reported in S1 Table, increased with age and school grade (S2 Table)."

11\. It is problematic not to be able to see all raw scores. In a few cases, raw scores were given but in other cases only internally standardized scores were provided. Raw scores with ranges are useful in knowing the nature of this sample and how it compares with other samples in LMIC. Please provide raw scores for variables in table 1.

Response: Thanks also for this suggestion. We report raw scores of the Bayley-III, the components of the FSIQ in the WISC-V, and the components of the achievement score in Supplementary Table S1. We provide means and SDs for the entire sample and for children in battery A and in battery B, alongside a test of the difference between batteries. Minimum and maximum values are also reported for all children.

We have added a reference to Supplementary Table S1 in the Manuscript in lines 322-323: "Raw scores of all middle childhood tests and subtests, reported in S1 Table, increased with age and school grade (S2 Table)."

Given this new table, we have removed all raw scores from Table 1 in the Manuscript to avoid duplicating the information.

12\. Could you present the correlations of height-for-age, not only stunting, with other measures?

Response: We have added height-for-age to the analysis (please see Tables 1 and 3). We had performed the analysis earlier and debated whether to report it or not. We decided against, as results are qualitatively the same as those from stunting, but we agree with the Reviewer and have now reported both measures. Thanks for the suggestion!

Discussion

13\. Any researcher looking at Table 3 would zoom in on the Bayley cognitive subscale as showing the strongest correlations. Some of the others may not be significantly different in correlation size, but they are noticeably lower.

Response: The study was based on the idea that the Bayley-III was the gold standard and, as expected, the Bayley-III has the highest predictive validity and we have already pointed this out (see line 340, previous lines 306-307) and reiterated it in the first line of the Discussion (line 429, previous line 377). The statement was also one of our starting hypotheses (see lines 112-113, previous lines 120-121). So we think the point is already covered. We were however surprised by how relatively good the correlations were with some of the other tests.

14\. The Discussion para starting line 403 could be more balanced. The Denver lacks a cognitive scale and this reduces its appeal. The suggestion to use only cognitive and language (receptive if children are inhibited) scales is helpful and will simplify the decision for many researchers (did people think otherwise?). This cuts the time to 40 min for the Bayley. Many researchers already use non-professionals with no/little psychology background; this also simplifies the decision. Also, you did not address the important fact that parents participating in a psychosocial stimulation program will be influenced by this and so their reports of child cognition and language will be biased. So caregiver report screeners can be used only in health, nutrition and cash transfer programs. These points need to be raised here.

Response: We have addressed the point that we think the fine motor-adaptive scale in the Denver-II has a cognitive component in our response above to Reviewer 1, Comment 7.

The use of non-professionals with no/little psychology background requires extensive training with lots of practice tests. This has implications for costs. Although using non-professionals is certainly feasible, it is likely to pose a risk to accuracy for long and complex tests that require a lot of manipulatives such as the Bayley-III (Fernald, Prado, Kariger, & Raikes, 2017). It is generally recognized that tests as complex as the Bayley require a tester with higher levels of education than that required by the short tests, which also has cost implications.

We agree that an important point is that maternal report is likely to be biased where mothers have been involved in a stimulation program. However, as explained above in our response to Reviewer 1, Comment 6, the Denver-II is mostly by direct administration (Frankenburg et al., 1990) and hence any potential bias should be limited. However, we have inserted a comment on the potential bias of maternal recall as a special problem when the caretakers have been involved in parenting interventions in the Discussion, which reads: "Caregiver reports might be better suited for the evaluation of population-based indicators and less convenient to evaluate psychosocial stimulation programs as they may suffer from recall bias. Moreover, where mothers have been involved with the intervention, they may be biased towards making optimistic claims of their children's development.", lines 471-475.

15\. Line 417. There is a problem with the FCI when used with children 6 to 48 months of age. Bornstein (2015) showed that prevalence for several items asymptotes at a high rate at 4 months of age, and other items like counting and drawing asymptote at a low rate at 4 years. So not all items are relevant for low-income countries at all these ages.

Response: We did not evaluate the use of any instrument for the 2 ages mentioned (4 months and 4 years).

Bornstein showed that caregiving practices vary substantially across countries and child ages. However most psychosocial interventions improve stimulation in the home (Hamadani et al., 2019; Attanasio et al., 2014; Tofail et al., 2013; Walker et al., 2004), and it has been shown to mediate child development effects in some cases (Attanasio et al 2019). Obviously, more research is necessary for use in all countries. We have made this point in lines 487-489: "We hypothesize that adding the FCI to the Denver-II cognitive and language scales as suggested above might improve the sensitivity of a program evaluation and needs to be investigated elsewhere."; and lines 495-497: "Finally, the above findings could be extrapolated to urban Colombia and possibly urban areas in other Latin American countries. Further studies would be required before extrapolating to rural areas and other LMICs, especially in Africa and Asia".

16\. Line 423. FCI is a continuous score and stunting is dichotomized. Why not make both continuous or both dichotomous?

Response: Thanks for the suggestion. We have added height-for-age to the analysis. Nonetheless, we prefer to keep stunting as well since this is the indicator that has been repeatedly used as a global ECD proxy indicator (Black et al., 2017; Grantham-McGregor et al., 2007), is internationally accepted, and we were interested in recommending the least change from what it is currently used. Furthermore, stunting is presently defined as below -2 SD of a healthy well-fed population. We would not be able to determine a cut-off for the FCI to define poor stimulation, analogous to that used for stunting, because we have no data on the normal distribution of the FCI from a relatively advantaged population. We have not discussed this in the paper, owing to space restrictions.

17\. Limitations should be expanded. The Malawi Developmental Assessment measure was excluded here. Limitations of caregiver reports could be expanded. The nature of this sample -- urban and involved in programs.

Response: The Malawi Development Assessment Tool (MDAT) was about to be published when the study began and was not well known (Gladstone et al., 2010). We agree it would be useful to evaluate tests currently being used in Africa in addition to the ones we examined. However, time and budgetary constraints prevented us from doing so. There are several other tests that are now used that we were unable to evaluate.

We have added a comment on the external validity being limited at best to urban Latin America, which was not well highlighted previously in lines 495-497: "Finally, the above findings could be extrapolated to urban Colombia and possibly urban areas in other Latin American countries. Further studies would be required before extrapolating to rural areas and other LMICs, especially in Africa and Asia".

However, the study sample was not involved in programs and was not a convenience sample in any way. Rather, it was a sample representative of the poorest (first) three out of the six socio-economic sectors (strata) in which the city of Bogota is divided. These sectors account for 85% of the city's population and comprise low- and lower-middle-income households. To ensure representativeness, neighborhoods and blocks were selected by random probability, stratifying by sector. Within blocks, children were identified by a door-to-door census and selected for study inclusion by random probability, stratifying by age. This is explained in current lines 130-137, which have been revised for clarity, and now read "The study was conducted in the poorest three, out of six, socio-economic sectors ('estratos' in Spanish) of Bogota. These three sectors, defined by location and the quality of housing and infrastructure, comprise low- and lower-middle-income households and account for 85% of the city's population. In 2011, we enrolled 1,533 children aged 6-42 months living in blocks in these sectors. Within each sector stratum, blocks were selected by random probability, weighting by the proportion of women in fertile age. Within each selected block, all children 6-42 months were identified through a door-to-door census and a subsample was randomly selected for study inclusion, stratifying by age."

Reviewer \#2:

The authors have done an interesting study and collected a lot of data in a longitudinal project for which congratulations are in order! Important is also that they collected data on child development, but also on family care indicators, I have only a few comments on the paper.

1\. The ASQ is developed to be answered by parents, but an interview was used instead. Did the authors also have some data available to check the reliability of the interview procedure with a sole parent report? Could there be a difference? Could the information also be provided by a day care worker? Perhaps the authors could pay attention to this aspect in their discussion.

Response: Thanks for raising this point. Unfortunately, we have no data to compare the performance of the ASQ-3 by parental interview vs. parental-completion. Face-to-face interviews may increase certain biases, such as desirability or acquiescence (tendency to say 'yes') biases. They may also increase recall biases since parents have less time to remember what the child does or does not do in the context of an interview. At the same time, administration of the test by interview is likely to improve the comprehension of the items (by reducing ambiguity in the interpretation of what each item enquires about) and to increase the comparability of response across the sample, provided that the interviewers/testers had been adequately standardized during the training. We are not commenting on these biases in the Manuscript since we do not have any data to support these hypotheses and owing to space restrictions.

In the study, however, the low literacy level of some caregivers made it difficult for them to complete the form independently. We therefore preferred to give the ASQ-3 by interview to all participants in order to standardize the administration. This situation is not uncommon in LMICs. We have clarified this point in lines 171-173, which now read: "Given the low literacy levels of some caregivers, caregiver-completed items were administered by interview in order to ensure all mothers understood the questions similarly".

The ASQ-3 developers encourage the use of the tool by childcare programs and report on its suitability for use by childcare professionals. However, in LMICs a large proportion of young children do not attend childcare centers. In our sample, for example, the average childcare attendance rate is 31.13%, increasing from levels of about 4.1% for children under 12 months, to 18.5% for children between 1 and 2 years, to levels of 47.5% for children over 2 years. Therefore, for programmatic evaluation and population-level reporting in LIMCs, we would suggest assessment of child development in the home environment and not at the childcare center. For simplicity, we are not commenting on this point in the Manuscript either.

2\. No Columbian norms were available for any of the assessments; did all the assessments have norms based on the USA population? Would the authors expect stronger relationships over time when Columbian norms would be available?

Response: The Bayley-III and all short tests considered have norms for the US population, except for the WHO-Motor. However, these norms are all based on different norming samples and use different norming strategies---this is, each one of the tests adjusts for age in different ways. Some of the norming strategies used produce externally standardized scores and some (particularly for the screener tests) produce cut-off scores, which are used to identify children at risk for developmental delay. Therefore, as noted in the Manuscript (lines 418-419), an advantage of using internally standardized scores for the analysis as done is that it handles age effects consistently across all short tests, the Bayley-III and the FCI, which facilitates the comparison of correlations between pairs of tests.

It is difficult to say whether correlations would be stronger if Colombian norms were available for all tests analyzed, with the data available. If Colombian norms were to be constructed using the same sample and methodology for all tests, it is likely that results would remain largely unaffected since the process of constructing the Colombian norms would be very similar to the one currently performed---namely, to standardize all tests in a similar fashion. From the robustness tests we have carried out using externally standardized scores from the FSIQ, we know that results are little altered (lines 423-427, previous lines 372-375).

We have not modified the text further with regards to this point.

3\. An important reason to use early developmental tests or screeners, is to identify children at risk for later developmental problems. The authors state that their study was not designed to result in sensitivity and specificity data, as they did not study subgroups at risk. Indeed, population specific norms are important to base such information on. In the discussion they do make suggestions for combinations of assessments to be used for further pilot studies to acquire population based indicators of poor development. Do they think that the same assessment batteries could provide indicators of poor development in general, even global, populations, or that specific instruments would be needed in subgroups of children at risk?

Response: This is an important question, but our data cannot answer it: as rightly noted, the number of children at risk for any disability in the sample is too low to draw any conclusion. A separate study would be needed to determine whether these tests could be used to identify high-risk children in LMICs and it is likely that they could, as several were specifically designed for screening. We have clarified this in the Introduction, lines 118-120: "The study was neither designed nor powered to examine the sensitivity or specificity of the screeners in identifying high risk children \[10\]. Furthermore, obviously disabled children were excluded as well as children with Bayley scores below 70. Therefore, our results have no implications regarding the use of screeners to identify potentially high-risk children in need of further assessment." and in the Discussion, lines 498-503: "An important point is that some of the short tests have been shown to have good sensitivity and specificity when identifying children in LMICs at high-risk of disability \[54\]. By design, our study did not address this issue: the study sample was insufficient, not representative of high-risk populations (e.g. premature or low birthweight children), and obviously disabled children were excluded \[10\]. Therefore, our findings and recommendations are not generalizable to these subpopulation groups."

Minor points

4\. The legend in Table 1 regarding missing data is not clear: I read as if 477 children had missing data for being stunted: is that correct?

Response: Thanks very much for pointing this out. nA=477 is the number of children in Battery (subsample) A with information on height-for-age. There is actually only one child with missing information. The legend was indeed unclear and has been revised and it now reads: "a Missing data for some variables. Sample sizes for these are: height-for-age and stunted (nA=477); mother\'s age (nA=453, nB=433); father\'s education (nA=456, nB=424)." in lines 319-320.

5\. ASQ cognition probably reflect the Problem solving dimension?

Response: Yes, it does. We have clarified this in the Materials and methods section: "The ASQ-3 problem solving scale comprises cognition" (lines 169-170). Thanks.

Reviewer \#3:

This manuscript focuses on the important topics of: (1) the lack of measures of children\'s early childhood development for use in low and middle income countries and (2) the uncertain predictive validity of existing measures, including the inexpensive short form or single domain measures often used in survey research. The study therefore followed a large (\> 1,000) sample of children from Bogota Columbia from 6-42 months in 2011 to ages 6-8 in 2016.

Broadly, the study is well designed, executed and reported, although addressing several issue would strengthen the manuscript.

1\) The authors note in several places that some measures are "expensive" and others fall in the middle or are "cheapest." Can numbers be attached to these statements, even if rounded or a range, to help the reader benchmark what is expensive and what is cheap?

Response: We have added details on purchase costs in the Procedures section, lines 197-203, which now read: "The Bayley-III was the most expensive test (\$1,025 US per kit; \$4.89 US per child fee, at the time of assessment) and its administration took 83 minutes on average. The BDI-2 took 63 minutes and was also expensive (\$405.70 US per kit; \$3.08 US per child fee), whilst the Denver-II (27 minutes) and ASQ-3 (20 minutes) were intermediate both in time and cost (Denver-II: \$200 US per kit; \$0.45 US per child fee and ASQ-3: \$275 US per kit; no per child fee). As expected, the single-domain tests were quickest (6-8 minutes) and cheapest (SFs: \$90 US per kit including both forms, \$1 US per child fee; WHO: free)."

Further details on purchase and administration costs, as well as on the requirements to train all tests investigated, were provided in prior work (Rubio-Codina et al., 2016, Table 1). We had limited the inclusion of such details in this paper to avoid duplication.

2\) The Bayley-III is considered the gold standard. To what extent has its reliability and validity for low/middle income and Spanish speaking children?

Response: The Bayley Scales have been widely used in research studies in low- and middle-income countries among very different populations. Many of these studies report on the performance (reliability and validity) of the test within the population of interest, as we had previously done for the current study (Rubio-Codina et al., 2016; Rubio-Codina et al. 2015). However, as far as we know, there is no formal study of the Bayley-III on a representative population of a country for the development of norms outside of the US. Since March 2015, an official version of the Bayley-III can be bought in Spanish from the publisher, Pearson. Yet, it is unclear from the web description whether this version has been normed in a Spanish speaking population or whether it is a mere translation (most likely, the latter). In this study, we used the Bayley-III as our gold standard given that it is one of the most commonly used tests for the assessment of development for children 1-42 months-of-age and the Bayley Scales have been used in more than 25 LMICs (Fernald et al., 2017; Frongillo, Tofail, Hamadani, Warren, & Mehrin, 2014).

3\) What are the authors considering as "acceptable" predictive validity (p. 6)?

Response: The acceptable predictive validity would vary by initial and later age. We have removed the word acceptable from previous line 117 and have added the exact correlations reported in the paper referenced instead. The paragraph now reads (lines107-110): "Similarly, a maternal report language test for children 12-18 months, developed locally and based on the MacArthur-Bates Communicative Development Inventories \[29\], significantly predicted IQ at age 5 (r =\[0.37-0.41\]) \[30\]". Thanks for identifying this imprecision.

4\) Although broadly the authors well describe the study design and implementation, including sample loss, a few things are not clear:

a\) How many age/sector strata were there?

Response: Initially, we selected 4 socio-economic sector strata (the 4 lowest out of 6), although data were only collected on children from the first 3 sectors (except for 12 children from sector 4). There were 4 age strata: children 6-14 months, children 15-23 months, children 24-32 months, and children 33-42 months. We have clarified this in lines 137-139, which now read: "Strata sizes (originally, 4 sector strata and 4 age strata: 6-14, 15-23, 24-32 and 33-42 months-of-age) were computed to allow for detection of differences in child development between socio-economic sector and age groups."

b\) What defined study eligibility?

Response: Children were eligible if:

\(i\) They were 6-42 months of age.

\(ii\) They lived in one of the selected blocks from one of the selected neighborhoods. Both neighborhoods and blocks were randomly selected, weighting by the proportion of women in fertile age and stratifying by sector. All neighborhoods and blocks were in sectors 1 to 4 (out of 6). However, due to high refusal rates, sector 4 (middle income) was dropped from the analysis. Nonetheless, the 12 children living in sector 4 who had already been enrolled in the study were kept in the analysis.

\(iii\) They had no obvious disabilities. Note that 1.1% of children were later dropped if they had a Bayley score \<70.

\(iv\) Singletons only.

If in one household, more than one child was eligible, one of them was randomly selected for study inclusion. We have slightly re-written the Study design and participants section to clarify these criteria: "In 2011, we enrolled 1,533 children aged 6-42 months living in blocks in these sectors. Within each sector stratum, blocks were selected by random probability, weighting by the proportion of women in fertile age. Within each selected block, all children 6-42 months were identified through a door-to-door census and a subsample was randomly selected for study inclusion, stratifying by age. Strata sizes (originally, 4 sector strata and 4 age strata: 6-14, 15-23, 24-32 and 33-42 months-of-age) were computed to allow for detection of differences in child development between socio-economic sector and age groups. The final study sample included 12 children from a fourth sector (middle-income), initially included in the study but subsequently dropped due to high refusal to study participation. Twins and children with obvious disabilities were excluded; and in households with more than one eligible child, one was randomized into the study." In lines133-143. Criterion (iii) has specifically been included in lines 119-120: "Furthermore, obviously disabled children were excluded as well as children with Bayley scores below 70". Figure 1 reports the number of children excluded by each criterion.

c\) How many children were eligible?

Response: In early childhood, 1,533 children were eligible and enrolled in the study but only 1,330 were administered the Bayley-III and 1,311 Bayley-III scores were analyzed, as indicated in lines 144-148, and in Figure 1.

In middle childhood, all 1,330 children who had been tested on the Bayley-III in early childhood were eligible for study inclusion. However, the WISC-V and school achievement tests were only administered to 940 of these children, as reported in the Results section (line 307). Most of the sample loss between early and middle childhood was due to migration as reported in lines 309-310 and in Figure 1.

We have therefore not modified the text on these lines but hope that the edits to the definition of eligibility (see Reviewer 3, Response 4.b. above) have contributed to clarity on this point.

d\) What was the response rate among eligible children? Was this different by strata?

Response: Yes, response rates to study participation were higher for lower socio-economic sectors. The extreme case was sector 4, where it was very difficult to even identify eligible children by means of the door-to-door census. On many occasions, we were banned access to the residential blocks where sector 4 families live. Therefore, at one point in the enrollment stage, the research team decided to drop sector 4 from the study and distribute households in sector 4 to sector 1 and, in a higher proportion, to sectors 2 and 3. Nonetheless, the 12 children living in sector 4 who had already been enrolled, were kept for analysis. This is explained in detail in prior work (Rubio-Codina et al., 2015).

e\) Clarifying the above will also help explain the statement in lines 143-145 regarding what seems to be one strata (sector but not age is clear) that was dropped due to low response rate.

Response: We hope that the edits throughout the first paragraph of the Study design and participants subsection have clarified this sentence. We did not get into more details due to space limitations and given it has been reported in prior work (Rubio-Codina et al., 2015).

f\) The above might be incorporated into Figure 1, preceding the n=1,533. Also, are the blocks in Figure 1 synonymous with strata?

Response: No, blocks are a subdivision of strata. This has now been clarified in the text (lines 134-135: "Within each sector stratum, blocks were selected by random probability, weighting by the proportion of women in fertile age") and in Figure 1.

g\) The authors appear to use the bootstrap methods to adjust for strata (e.g., note to Table 2). Making that clear when the use of strata in the design is presented would help the reader. Also, was there any oversampling within/across strata, suggesting sampling weights would also be needed (Heering, West & Berglund, Applied Survey Data Analysis, Chapman & Hall)

Response: We used bootstrapped P values in all statistical inference. These have been computed stratifying by the design strata: socio-economic sector and age. This has been clarified in the Statistical analysis section (lines 290-293: "Bootstrapped P values \[41\], computed stratifying by the design strata (socio-economic sector and age), were used in all inference and to compare whether the predictive validity of a test differed significantly across the three age groups examined.") and in the footnotes to Tables 2 (line 333), 3 (line 360) and 4 (line 337). In the correlation analyses (Tables 2 and 3), computing P values in this way is a refinement over the use of standard P values. In line with this, results are the same if regular P values are used. However, in the comparison of the predictive validity of each pair of tests (i.e. the analysis presented in Table 4), the use of bootstrapped P values is important because we are comparing correlations that come from different estimations and sometimes even different samples. The bootstrap method accounts for this (Efron, 1982).

As indicated in the response to Comment 4.d. of Reviewer 3, in early childhood, higher study participation rates were found for lower socio-economic sectors; and the total sector sizes were modified with respect to what was originally planned. In previous work we had investigated this issue in detail and had showed that weighted and unweighted analysis offered unaltered results (Rubio-Codina et al., 2015). We are not delving into this issue in this paper for simplicity as it is already complicated and due to space limitations. Furthermore, we are not examining the effect of socio-economic variation nor other possible modifiers; and as shown in Table 1, the sample was well-balanced across age groups.

g\) As I understand it, the PPVT and TVIP identify the child's approximate word knowledge and then show words around that target level. It is thus not clear why a subset of words were selected from the TVIP? Is this allowable in the standard instructions for the TVIP, or was permission received from the TVIP developers to make that change and call the scores TVIP scores?

Response: The reviewer's understanding of how the PPVT and TVIP work is correct. Using existing nationally representative data for Colombia from the ELCA study , we selected the 75 (out of the 125) words in the TVIP that would be expected to be in the children's age range and excluded ones unlikely to have any variation (i.e. either all passed or failed). After piloting, we re-ordered them by difficulty for this population in order to reduce testing time and make it easier to administer. Instead of following the standard method of administering the test by using the start and stop rules (which are relatively difficult to train and use during administration), we had all children start at word item 1 and we kept them on the test until three consecutive errors were made. This also simplified the record forms to be used. The probability of a child 6-8 years of being administered a word in any of the 50 remaining words in the test was very close to zero. We have clarified this in the text in lines 214-218, which now read: "These words were selected using existing data from urban children of the same age and socio-economic status from a longitudinal nationally representative survey (ELCA) \[37\]. We first selected the words in the relevant age range that showed sufficient variability and ordered them by difficulty; we then made final decisions after piloting. The aim was to simplify test administration and minimize testing time."

We did request permission to Pearson Inc, the test publisher, to do this, and paid the corresponding license. Throughout the text, we are referring to these scores as "receptive vocabulary, based on TVIP" or "receptive vocabulary, "TVIP" (i.e. "TVIP" in quotes)"; purposively, we are not explicitly calling them TVIP scores.

h\) Why was principal component rather than factor analysis used? Does the MC-HOME have a standard scoring? If so, why wasn't that standard scoring used?

Response: The MC-HOME does have a standard scoring procedure consisting of adding up all items (binary indicators). In fact, this is how we had constructed the MC-HOME total score. The FCI total score for play materials and play activities was also constructed by adding up binary indicators for the 8 varieties of play materials and the 7 varieties of play activities (with cutoffs varying depending on the empirical prevalence of each indicator). In addition, both scores were internally standardized using the procedure described in the Statistical analysis section. This way of constructing FCI and MC-HOME scores was chosen as it is consistent with the way in which the FSIQ and school achievement scores had been constructed, which facilitated comparisons.

In Table 1, we are referring to the FCI and MC-HOME scores as "Total scores, internally standardized", which is consistent with the methodology explained in the paragraph above. This methodology, however, does not correspond with the text in lines 228-231 in the old version of the Manuscript, which was incorrect, and has now been modified, see lines 245-247, which now read: "FCI and MC-HOME total scores were constructed by adding up binary indicators, with cutoffs varying depending on the empirical prevalence for each indicator for the FCI."

The mistake was due to the fact that we had used FCI and MC-HOME scores constructed by polychoric principal component analysis in earlier versions of the paper (for consistency with earlier work: Rubio-Codina, Attanasio, & Grantham-McGregor, 2016; Rubio-Codina & Grantham-McGregor, 2019), but had decided to use "total internally standardized scores" in the end for simplicity and for comparability with the way in which the FSIQ and school achievement scores were computed. However, we had forgotten to update the text and are very grateful to the Reviewer for helping us identify this omission.

i\) Were results sensitive to whether raw scores or full sample standardized scores were used, rather than age-standardized scores? What is the conceptual rationale for using age-standardized scores? (This question is returned to below).

Response: Raw scores increase with age and this correlation may well vary by test (see for example correlations in S1 Table). Any comparison of concurrent and predictive validity must partial out the effect of age (so as to avoid confounding the association between the tests with that related to age of the child at the time of the assessment, as pointed out by Reviewer 3 in Comment 7). This can either be done by computing partial correlations (which partial out the effect of age) or by removing the effect of age beforehand. If all scores had equivalent externally standardized scores (i.e. scores computed using norms for Colombia or norms for the US), we could use these scores in the analysis. Given that this is not the case (please see our response to Reviewer 2, Comment 2), we opt for standardizing scores internally. The main advantage of the method used is that it handles age effects consistently across all short tests, the Bayley-III and the FCI, which facilitates the comparison of correlations between pairs of tests. It is also less sensitive to outliers/small sample sizes than methods traditionally used to internally standardize scores (i.e. using interval-specific (for example, monthly) means and SDs to compute z-scores). We have revised the Statistical analysis, lines 262-271, which now read: "Therefore, we internally standardized the raw scores over age using age-conditional means and SDs, computed non-parametrically, after removing testers'/interviewers' effects, as done in previous work \[10\]. This is, for each value of the residual of the raw scores on tester or interviewer dummies, we constructed a Z-score by subtracting the age-conditional mean and dividing by the age-conditional SD, both computed using local polynomial regressions. Unlike using norms from the reference populations (i.e. externally standardized scores) for each test, this standardization method handles age consistently across tests, which facilitates comparisons. It is also less sensitive to outliers/small sample sizes than methods traditionally used to internally standardize scores, which usually use interval-specific (for example, monthly) means and SDs to compute z-scores."

We believe the age spread in the sample, of 36 months, is too large to compute full sample standardized scores. Moreover, using full sample standardized scores would not permit the analysis of the data by age, which we think is important precisely given the large age spread and the fast pace of development from ages 6 to 42 months (as well as the differential predictive ability found by age). This has been addressed in the Introduction in lines 99-103: "As with concurrent validity \[10\], and given the broad age range of the children in the study sample (36 months) and fast pace of development from 6 to 42 months, the analysis of predictive validity was performed by 12-months-of-age intervals (6-18, 19-30 and 31-42 months-of-age). These intervals were the smallest we thought possible, given the available sample sizes."; and line 113: "...tests and measures typically used as ECD proxies), given at three different age ranges, to...".

Results are robust to the standardization method used and this is now explicitly stated in lines 423-427: "Analyses were repeated using FSIQ externally standardized scores, scores internally standardized using traditional methods, ASQ-3 scores using the original 6-item questionnaires, dropping outliers \<-2 SD in the FSIQ distribution, and weighting by the inverse probability of being assessed in middle childhood to correct for loss at follow-up. Results were little altered in all cases."

j\) The authors refer to removing testers/interviewers effects "as done previously" and provide a citation. For the paper to "stand on its own" this adjustment should be briefly described so that it is transparent to the readers of this paper. Again, sensitivity to this adjustment would also be of value.

Response: We have added an explanation to this sentence in the Statistical analysis section, lines 262-271. The relevant paragraph is copied in our response to the previous comment. A reference to the robustness of findings to alternative standardization methods has been added at the end of the Results section in lines 423-427, which are also copied in our response to the previous comment.

k\) The point on lines 248-250 that the age-standardization process has the advantage of handling age consistently across tests makes sense, but it is not clear how the approach is "less sensitive to small samples." By the latter do you mean that use calculated the means and SDs non-parametrically? Even if this is the meaning of the statement, it is not clear how norms from reference populations would be more sensitive to small samples, since often norming samples are large and likely as large or larger than your within-age samples. Clarifying the meaning of your statement would help.

Response: The Reviewer's argument is correct and the point is well-noted. This has been clarified in lines 269-271; "It is also less sensitive to outliers/small sample sizes than methods traditionally used to internally standardize scores, which usually use interval-specific (for example, monthly) means and SDs to compute z-scores." Thank you.

l\) Analysis within 12-month-of-age ranges is sensible, but as a reader I wanted this plan to be more explicit earlier in the paper, with the age ranges (how many, min/max age) explicitly defined and its rationale and connection to the design offered

Response: Thanks. We have stated that the analysis is by 12 months-of-age ranges and added a justification for the choice of interval ranges in the Introduction in lines 99-103: "As with concurrent validity \[10\], and given the broad age range of the children in the study sample (36 months) and fast pace of development from 6 to 42 months, the analysis of predictive validity was performed by 12-months-of-age intervals (6-18, 19-30 and 31-42 months-of-age). These intervals were the smallest we thought possible, given the available sample sizes."; and in the study aims in line 113: "tests and measures typically used as ECD proxies), given at three different age ranges, to". Age groups were defined given the broad age range of the children in the study sample and the fast pace of development from 6 to 42 months. The intervals chosen were the smallest we thought possible. The proportion/number of children in each age group by battery are provided in Table 1. The minimum and maximum age are not reported as they correspond to the intervals' lower and upper limits.

m\) The statement on p. 258-260 seems to be combining two ideas, and relates to the request of clarifying why you chose to age-standardize. You seem to be implying that computing correlations within 12-month-age-bands is equivalent to controlling for age. However, the analysis approach assumes correlations are the same within 12-month-age bands and allows them to differ across 12-month-age-bands. It seems there would be a conceptual motivation for looking at analyses within 12-month-age-bands, as discussed below.

Response: The analyses is on internally standardized scores within 12 months-of-age bands. This means that (i) the age effect included in raw scores has been netted out (please see response to Reviewer 3, Comment 4.i.); and (ii) correlations are forced to be the same within 12 month-age bands but differ across 12-month-age-bands. Therefore, the two sentences refer to two different concepts, which we have tried to clarify in lines 278-282: "The ability of all tests, the FCI, height-for-age, and stunting to predict FSIQ and school achievement was analyzed by 12-months-of-age intervals, computing Pearson correlations within each age range. In all correlations, the internally standardized scores were used, which is equivalent to computing partial correlations controlling for testers/interviewers and age flexibly."

n\) In lines 270-272 the authors note that sample sizes varied across tests. A table that summarizes the tests, and any sample loss that is built in (due to eligibility for the test) and that is not (due to refusals or data errors) would be helpful. Such a table could also contain the names, acronyms, and study-defined types of the tests (incorporating aspects of the glossary at the start of the paper). If the latter type of test-level missing was extensive in some cases, did the authors examine how those with and without scores differ and consider addressing it with multiple imputation or FIML?

Response: The flow diagram in Figure 1 details the information requested by the Reviewer. This is, it includes the eligibility criteria, any occurrence of sample loss (detailing the reasons), and the subsample of analysis for each test.

We would like to clarify that all children in the analysis sample were tested on the Bayley-III; and their height, weight, and home FCI were collected. Approximately half of these children were randomly assigned to Battery A (ASQ-3, Denver-II, and SFI or SFII) and the remaining half were randomly assigned to Battery B (BDI-2, WHO-Motor), as explained in the Methods section and as illustrated in Figure 1. We have clarified this in lines 145-147: "approximately, half the children were assessed on the short tests in battery A and the remaining half on those in battery B."

As explained, not all tests were available for all children 6-42 months. More specifically, the SFI is available for children 8-18 months; the SFII for children 19-30 months; and the WHO-Motor was only analyzed for children 6-15 months, since it showed limited variability for older children. Hence, not all tests were administered to all children, but only to children in the adequate age range, which does generate differences in subsample size by test. Test/analysis subsample sizes are also reported in Table 3 and in Figure 1.

Following the Reviewer's suggestion, we have added the tests' names and acronyms to the legend of Figure 1 (which is included in the main text and not with the Figure, as required by the journal's formatting guidelines), in lines 150-160: "ASQ-3 (Ages and Stages Questionnaires, third edition); Denver-II (Denver Developmental Screening Test, second edition); SFI (MacArthur-Bates Communicative Development Inventories, Short-Form I in Spanish); SFII (MacArthur-Bates Communicative Development Inventories, Short-Form II in Spanish); BDI-2 (Battelle Developmental Inventory screener, second edition); WHO-Motor (World Health Organization Gross Motor Milestones); Bayley-III (Bayley Scales of Infant and Toddler Development, third edition); FCI (Family Care Indicators); WISC-V (Wechsler Intelligence Scale for Children, fifth edition); WM-III (Woodcock-Muñoz Test of Achievement, third edition); "TVIP" (Peabody Picture Vocabulary Test-Revised, Spanish version, adapted/selected subset of words). a Children 8-18 months. b Children 19-30 months. c Children 6-15 months."

We have also edited lines 270-272 (current lines 299-302) to clarify what was meant, as it could lead to confusion, as pointed out by the reviewer. Thank you. These lines now read: "To further explore the effect of age under 19 months in the Bayley-III, the FCI, height-for-age, and stunting, which were available for children in both batteries, we repeated the analyses by 6-months-of-age intervals on enrollment. For the other tests, given to children in either battery A or battery B, sample sizes were considered too small to subdivide. "

Finally, we did not attempt to impute test scores using multiple imputation or FIML or any other method since these are our main outcomes. We did however re-run the analysis correcting for sample loss (by weighting all calculations by the inverse probability of being given the test) and found consistent results, as noted in lines 423-427: "Analyses were repeated using FSIQ externally standardized scores, scores internally standardized using traditional methods, ASQ-3 scores using the original 6-item questionnaires, dropping outliers \<-2 SD in the FSIQ distribution, and weighting by the inverse probability of being assessed in middle childhood to correct for loss at follow-up. Results were little altered in all cases." In prior work (Rubio-Codina et al. 2015), we had also assessed the robustness of the concurrent validity results by weighting the data by the probability of sample inclusion, which varied by socio-economic sector, as noted in Comment 4.d. of Reviewer 3.

o\) What does "Migrants were tracked whenever feasible" mean? (line 281).

Response: It means that all households that had migrated were followed to the extent that it was possible to follow them. This is to say, (i) we could find out about the household's new residence; and (ii) the new residence was in Bogota, or within less than 1-hour distance by bus from the city. Unfortunately, we did not have funds to track households any further than this. This has been clarified in lines 311-312: "Migrants who could be located and lived within 1-hour from Bogota (by bus) were tracked."

p\) Table 2 lists "n = 2000 replications" which appears to correspond to bootstrapping. What was the number of children on which each value was based?

Response: Correlations in Table 2 were calculated on the entire sample (N = 937 children). We have added this to the Table footnote (line 331) and apologize for the omission!

q\) Did the authors test whether the correlations differed significantly across the age groups in Table 3? Adding confidence intervals would both show the uncertainty of estimation and allow readers to see which estimates overlapped across age groups.

Response: We have added a Supplementary Table (S3 Table) with the results of the tests of the comparison of the predictive ability across age groups. For consistency with the rest of the analysis, the statistical significance of these differences has been investigated with bootstrapped P values. We have updated the Statistical analysis in lines 290-293: "Bootstrapped P values \[41\], computed stratifying by the design strata (socio-economic sector and age), were used in all inference and to compare whether the predictive validity of a test differed significantly across the three age groups examined." and Results in lines 385-388: "The increase of the correlations across age groups was significant between the youngest age group (children 6-18 months) and the oldest (children 30-41 months) for the Bayley-III and the Denver-II cognitive and language scales (S4 Table). For the Bayley-III scales the increase was also significant between the youngest and the middle age group (children 19-24 months)"; lines 398-399: "The increase in predictive validity between the SFI (children 6-18 months) and the SFII (children 19-24 months) was statistically significant (S4 Table)"; line 405 "This increase was statistically significant (S4 Table)."; and lines 409-410: "The predictive validity of height-for-age and stunting increased with age, although the increase was not statistically significant (S4 Table)."

5\) The authors might attend to the following in the discussion:

a\) The authors provide recommendations to readers about which tests they might use, based on the results. Doing so is helpful, but as a reader I felt at times the recommendations focused on relative rather than absolute predictive validity (e.g., p. 405-406). The authors might remind the reader that the predictive validity is low-to-moderate.

Response: Thanks very much. This is an important point. The first two paragraphs of the Discussion do explain that the predictive validity values found are in the low-to-moderate range. As suggested by the Reviewer, we have added a line in the Discussion (line 461: "...predictive ability to the Bayley-III, although it was low-to-moderate, as indicated earlier.") and the Conclusions (line 524 "...after this age, predictive validity values were only low-to-moderate at best.") to re-emphasize this point.

b\) In lines 417-422, the authors might be careful to acknowledge that the FCI may proxy for other aspects of household or community resources that would be the better proximal cause for intervention, given this study is simply focusing on correlations.

Response: We agree that the FCI is related to household resources and it is known to be related to maternal education and household wealth; but neither of these are targeted by ECD interventions so the improvement found in child development reflects an improvement in maternal behavior towards the child and in the number and quality of the interactions with the child. The FCI is a direct measure of these. We have clarified in the paragraph that we were referring to ECD interventions---see lines 484-487: "Whilst individual item performance can vary depending on the context and children's age, home environment quality has been identified as a relevant protective factor \[25,26\] and the FCI has often improved with ECD interventions \[51--53\]."

6\) Figure 2 does not well "stand on its own"

Response: Thanks very much for all these very useful suggestions. We have revised Fig 2, which we believe is now clearer, as a result.

a\) The acronyms should be defined in the note (or refer the reader to where to find the definitions).

Response: The acronyms are now defined in Fig 1 footnote (lines 150-160). We have added a note in Fig 2 footnote (line 351), referring the reader to Fig 1.

b\) The Y axes are not labelled.

Response: We have labeled the Y axes.

c\) The n's on which the values in the Figure are based should also be clear either in each the legends/titles/axes or the table notes (or tell the reader where to find the n's in another table that explicitly adds and lists them).

Response: The n's are in Table 3. We have added a note in Fig 2 footnote (line 351), referring the reader to Table 3.

d\) The Y axis or table note should also make clear what is being correlated with what: that each correlation is between the kids in the younger age group with their own scores 5 years later. For that reason, it would be preferable on the X axis to list the follow-up along with the initial age-range, as those together define the meaning of the correlation (e.g., B: 6-18 m, F: \~ 6y; B: 19-30 m, F \~ 7y; B: 31-42 m, F \~ 8y).

Response: We have relabeled the X axes as suggested and have also added a note to the Fig 2 footnote, explaining what each correlation depicted means and the relationship between the age groups. The relevant lines are 345-350: Each plot in Fig 2 shows, for each developmental domain, the average correlation between scores in early childhood with FSIQ scores in middle childhood, by age group. The youngest age group are children 6--18 months in early childhood and 6 years in middle childhood; the middle age group are children 19--30 months in early childhood and 7 years in middle childhood; and the oldest age group are children 31--42 months in early childhood and 8 years in middle childhood."

7\) This point just noted about labelling the X axis relates to a broader conceptual question that should receive more attention throughout the paper. The study design starts with children in three age bands, centered on age 1, age 2, and age 3. These children are followed up 5 years later at ages 6, 7, and 8, respectively. Thus the size of the correlations depend on both how well the measures used in early childhood capture each latent construct at those early ages, and how well the measures used in middle childhood capture each latent construct at those later ages. In other words, the lower correlations for the "6-18 months" group may to some degree reflect how well the middle childhood tests measure outcomes for 6 year olds versus 8 year olds. If the study could have followed children to age 8, the meaning would have been further strengthened. Presumably that wasn't done in 2018, but the meaning of the values presented should be clear (as in the labels of Figure 2) and the rationale for the design and its interpretation should be clearer throughout the paper. More attention to the reliability and validity of the middle childhood measures (including the WISC, but also school achievement - are 6, 7, and 8 year olds all in schools of similar type in this context?) for these ages, and especially in lower/middle income countries and for Spanish speaking children, would be of value.

Response: Thanks for raising this important point. It is true that the analysis of predictive validity of the early childhood tests is confounded by the child's age in middle childhood, as well as by the quality of the middle childhood assessments (to the extent to which such quality varies with age). Unfortunately, for budgetary and logistical reasons, we were not able to test all children at ages 6, 7 and 8 years in middle childhood. We therefore focused on the time between the 2 test sessions being equal for all age groups.

However, we have investigated whether the quality of the assessments in middle childhood varied with age---please see the following two Tables (not presented in the Manuscript for simplicity and owing to space restrictions). The first one shows that the internal consistency (Cronbach's alpha) of all subtests that compose the FSIQ and the school achievement score remains stable between ages 6, 7 and 8 years; thus, indicating stable quality. However, as shown in the second Table, we do observe slightly higher correlations with socio-economic variables and amongst tests in middle childhood for children 7 and 8 years than for children age 6 years, which would suggest that the middle childhood assessments worked better for slightly older children (which seems sensible and in line with the usual performance of tests). We have updated the text in the Results section (lines 326-328: "FSIQ and school achievement were associated with household characteristics and with each other as theoretically expected (Table 2); these correlations were higher for children 7 and 8 years than for the 6-year olds (not shown).") to reflect this and have also added this limitation in the Discussion (lines 512-517: "A further limitation is that the predictive validity of the early tests might be partly confounded with the performance of the middle childhood tests since, in middle childhood, all children were tested 5.5 years after the early assessment. Performance of the middle childhood tests seems to increase with age according to some reliability and validity indicators (correlations of tests with each other and with socio-economic variables) but not to some others (internal consistency).").

Internal consistency (Cronbach's alpha) of middle childhood subtests by age

Correlations of middle childhood tests with concurrent Socio-economic variables and with each other by age

Regarding the comment of whether all schools are of similar type in the context, we note that 40% of the children in the study sample are in private primary schools and 60% are in public primary schools. These proportions are balanced by age of the child in middle childhood and by school grade. We have not added this information in the Manuscript due to space restrictions.
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Reviewer \#1: PONE-D-19-20029R1

Predictive validity in middle childhood of short tests of early childhood development used in large scale studies compared to the Bayley-III, the Family Care Indicators, height-for-age, and stunting: A longitudinal study in Bogota, Colombia

The study presents analyses of mental development data from a cohort 6 to 42 months from Bogata showing data on predictive validity. The purpose is to provide data that would allow researchers to select short measures of early child development, with evidence that they are sound alternatives to the Bayley III in predicting WISC and academic scores in middle childhood. The methodology and statistical analyses were rigorously conducted. One limitation is that the findings are limited to descriptive/ longitudinal purposes; the authors cannot convincingly address program evaluation, though they would like to. We do not know how sensitive is the Denver to evaluate a nutrition-WASH-stimulation program. A second limitation is that researchers will shortly have a short global measure and a longer program evaluation measure to use instead of the Denver Screening Test or other existing alternatives. Already they have the MDAT which was not included in this study and not mentioned in the ms.

Abstract and elsewhere

Evaluation of interventions and predictive validity of such tests entail two separate issues.

Predictive validity is the main phrase in the title; however the first sentence of the Abstract concerns the evaluation of interventions at scale. Evaluation is not really "hindered by the lack of developmental tests" because large-scale evaluations can validly assess representative samples to compare with controls. Your reply to this comment was arguably limited to purchases from the US, and did not consider the important value for LMIC in training local researchers and the value in translation and adaptation. Parent-report measures similar to those used in this study are subject to bias if the intervention concerns psychosocial stimulation: mothers who receive messages about child development now have beliefs about when developmental milestones occur and mothers who learn about interacting with their child will have more accurate observations of when milestones are attained (see WB toolkit p52). So use of the ASQ instead of a direct child assessment provides weak support. Frankly, the data here address predictive validity and not evaluations of interventions; reference to evaluation of interventions in the Introduction and Discussion should be dropped as it misguidedly encourages the use of screeners and parent reports in interventions. If you think that the Denver or another measure has been effectively used to evaluate a large unconditional cash transfer program, this can be mentioned in the Discussion as additional information about the test being advocated.

Introduction and Enrollment

Lines 51-53. This sentence should be revised: "Whilst existing diagnostic tests such as the Bayley Scales \[5,6\] are sensitive to ECD interventions \[2,7--9\], they are very expensive, take a long time to administer and require highly trained testers with a certain level of technical expertise \[2\]." Only in some countries are they expensive, take a long time to deliver and require highly trained testers ... It might be more accurate to state, "According to our experience, ...they are very expensive..." I would have to say that only in full do they take a long time, and rarely have I seen highly trained testers doing the training. I wonder how many other researchers had to spend 6 weeks training psychology graduates on the Bayley III. You might want to consider that this is your experience; colleagues in Peru had the same experience so I don't doubt your word. But it is not a feature of the test and not necessarily the experience of others \[I'm not even sure that the authors of the WB 2017 toolkit have the experience of training others on the Bayley\].

Methods

Lines 166-181. Thank you for adding more about whether tests were direct or parent report and how many items were parent report if the test included both. Appreciate also the information about including higher items on the screeners to avoid ceiling. These are critical features of child assessment.

Line 282. Thank you for elaborating on the Denver motor-adaptive scale. The original Bayley \[ref 5\] Performance subscale combined cognitive and fine motor, so I can see how the Denver does so.

Nothing was said about adaptation of the measures, particularly the WISC, Bayley, BSD, Denver other than translation. Could you state that no adaptations were required?

Results

Thank you for clarifying improvement in retest scores.

Thank you for providing age correlations in S2.

Table S2. p cannot be \<.0000. Better to write p\<.0001.

Table 1. Internally standardized scores are not very meaningful. I can understand why you used them for analyses but they are not meaningful for readers who are usually given standardized Bayleys and raw HOME. Some of the raw scores were useful in S2 but it would be good to see raw HOME in order to compare with other studies (rather than internally standardized) and externally standardized scores for Bayley III and WISC. I noticed that the Bayley III standardized scores in the 2016 paper looked similar to US and UK means; they won't always be this high in other regions of the world. Did you expect standardized IQ scores to drop in middle childhood?

For the other measures (ASQ, BSI, Denver) can you provide some central score or % above/below a cut-off? It is problematic that these tests do not allow for scores to be shown.

Discussion

Line 473. "recall bias" is probably not the right phrase to describe the bias of mothers who have attended a stimulation class. It may be more like an "observation bias" due to spending more time with their child, and a "desirability bias" due to knowing what milestones of development to expect.

Line 487 etc. My previous comment re the FCI was "prevalence for several items asymptotes at a high rate at 4 months of age, and other items like counting and drawing asymptote at a low rate at 4 years. So not all items are relevant for low-income countries at all these ages." The ages being referred to are between 4m and 4 year, not simply those two ages. If high rates asymptote at 4m it means they have hit ceiling for all older children. If rates asymptote at a low level by 4 years, it means they are at floor for many months before this. Have you assessed variation in your FCI scores for your full sample by age? Thank you for pointing out that the FCI will have different means in Africa and Asia.

Line 488. One problem with using the FCI to evaluate a psychosocial program is that it assesses stimulation but not responsive caregiving.

The Denver Screening test appears to be the strongest substitute for the Bayley. It may have the same administration duration, requires caregiver report for 39% of the items, and costs less in the US. The authors did not provide information on length of training testers and adaptation required. This would help prospective researchers know what is required.

Limitations. Reasons for not using the MDAT should be mentioned in the limitations. I understand that you were not aware of its launch in 2010 but readers will wonder why it was ignored given its currently popularity.

Another limitation is that height and stunting may be less predictive in Colombia than in Africa because of the narrow range of values, particularly in the stunted range.

Reviewer \#2: The authors have improved their manuscript and they sufficiently addressed my comments.

For their understanding: The Bayley III is also available in Dutch with Dutch norms, and we published the differences between the US norms and the Dutch norms in PLOS One.
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Predictive validity in middle childhood of short tests of early childhood development used in large scale studies compared to the Bayley-III, the Family Care Indicators, height-for-age, and stunting: A longitudinal study in Bogota, Colombia

Responses from the authors to the Reviewer's comments

We thank the Reviewers for reading through our first set of responses in detail and for their subsequent comments to continue improving the Manuscript. We respond below to the new set of reviewers' comments. For clarity we retain the comments and add our response in italics. We have numbered the reviewers' comments to facilitate cross-references to our responses. Please note that the references to the line numbers where edits have been made correspond to the version of the Manuscript without tracked changes (clean version).

Reviewer Comments to the Author

Reviewer \#1: PONE-D-19-20029R1

Predictive validity in middle childhood of short tests of early childhood development used in large scale studies compared to the Bayley-III, the Family Care Indicators, height-for-age, and stunting: A longitudinal study in Bogota, Colombia

The study presents analyses of mental development data from a cohort 6 to 42 months from Bogata showing data on predictive validity. The purpose is to provide data that would allow researchers to select short measures of early child development, with evidence that they are sound alternatives to the Bayley III in predicting WISC and academic scores in middle childhood. The methodology and statistical analyses were rigorously conducted.

1\. One limitation is that the findings are limited to descriptive/ longitudinal purposes; the authors cannot convincingly address program evaluation, though they would like to. We do not know how sensitive is the Denver to evaluate a nutrition-WASH-stimulation program.

Response: This is an important limitation, but also one that is beyond the scope of this work. We have acknowledged this in lines 488-491, which have been rewritten to refer to impact evaluations of cash transfer programs using some of the short tests---the Denver-II in Nicaragua and the SFII in Ecuador--- where both have been found to be sufficiently sensitive to identify intervention impacts. These lines now read: "Whilst both the Denver-II and the SFII have been found to be sensitive to the impact of cash transfer programs in Nicaragua (Macours, Schady, & Vakis, 2012) and Ecuador (Fernald & Hidrobo, 2011), respectively, further investigation of sensitivity to interventions for all short tests would be helpful in guiding the choice of tests." In the immediately previous sentences (lines 478-488), we had emphasized that our recommendations on test choice were dependent on the purpose of use of the test.

2\. A second limitation is that researchers will shortly have a short global measure and a longer program evaluation measure to use instead of the Denver Screening Test or other existing alternatives. Already they have the MDAT which was not included in this study and not mentioned in the ms.

Response: Indeed, a short and long global measure for the assessment of child development, the Global Scales of Early Development or GSED, is being developed. This is exciting news for the discipline and the authors have been involved with their development. However, the GSED short and long forms will not be available for some time since both tests are still at different stages of piloting in six different countries. In addition, further piloting might be required in different areas of the world to ensure that their properties are maintained worldwide, across languages and cultures (i.e. that they are truly global measures). Furthermore, investigation of their predictive validity and response to interventions will take considerably longer to be available. The analysis performed in this work is therefore useful whilst these global measures are under development and fully validated, as noted in the Manuscript in lines 48-50 and lines 61-64.

As explained, the MDAT was not included in the study since it was not published when the study began and was not well known at the time (Gladstone et al., 2010). In addition, time and budgetary constraints prevented us from using and evaluating other tests. We have added the need to use other tests/further investigation to be able to extrapolate findings outside urban Latin America as a limitation in lines 506-510, which now reads: "Finally, the above findings could be extrapolated to urban Colombia and possibly urban areas in other Latin American countries. Further studies would be required before extrapolating to rural areas and other LMICs, especially in Africa and Asia, which could additionally evaluate more short tests for these contexts, such as the Malawi Developmental Assessment Tool (MDAT) (Gladstone et al., 2010)." We have also added the reasons why the MDAT and other tests had not been used in lines 510-512: "The number of short tests included in the current study was limited due to time and budgetary constraints. We therefore chose tests that were commonly used in large surveys and evaluations at the time the study began".

Abstract and elsewhere

3\. Evaluation of interventions and predictive validity of such tests entail two separate issues. Predictive validity is the main phrase in the title; however the first sentence of the Abstract concerns the evaluation of interventions at scale. Evaluation is not really "hindered by the lack of developmental tests" because large-scale evaluations can validly assess representative samples to compare with controls. Your reply to this comment was arguably limited to purchases from the US, and did not consider the important value for LMIC in training local researchers and the value in translation and adaptation. Parent-report measures similar to those used in this study are subject to bias if the intervention concerns psychosocial stimulation: mothers who receive messages about child development now have beliefs about when developmental milestones occur and mothers who learn about interacting with their child will have more accurate observations of when milestones are attained (see WB toolkit p52). So use of the ASQ instead of a direct child assessment provides weak support. Frankly, the data here address predictive validity and not evaluations of interventions; reference to evaluation of interventions in the Introduction and Discussion should be dropped as it misguidedly encourages the use of screeners and parent reports in interventions. If you think that the Denver or another measure has been effectively used to evaluate a large unconditional cash transfer program, this can be mentioned in the Discussion as additional information about the test being advocated.

Response: We agree with the Reviewer on the possible limitations of the use of screeners with parent reports in the evaluation of early childhood interventions and had already expressed this in lines 478-484. Furthermore, our results do not support the use of the ASQ-3, which is entirely parent report. They do support the use of the Denver-II, and in particular, the use of the language and cognitive scales of the test, which have at least 61% of the items directly administered to the child, as indicated in lines 179-182.

In this paragraph we also emphasize the importance of the purpose of the assessment when choosing a test (line 478) and the need for further investigation on the sensitivity to intervention of the short tests to further guide the choice of tests to use (lines 488-491). Yet, to avoid confusions we have dropped the relevant references to the use of the short tests for evaluations in the abstract (lines 18-19) and the introduction (lines 43-45) which now read, respectively: "However, progress is hindered by the lack of valid developmental tests feasible for use at large scale." (abstract) and "However, progress of these efforts is impeded by the lack of reliable, valid, and easy-to-collect measures of ECD, particularly for children under age three years (Black et al., 2017; Fernald, Prado, Kariger, & Raikes, 2017; McCoy, Black, Daelmans, & Dua, 2016)." (introduction).

Thank you for the suggestion to refer to impact evaluation studies that have used any of the short tests. We have added two references that refer to impact evaluation studies that have used two of the short tests: these are the evaluation of cash transfer programs in Nicaragua (which used the Denver-II) and in Ecuador (which used the SFII) in lines 488-491, which read: "Whilst both the Denver-II and the SFII have been found to be sensitive to the impact of cash transfer programs in Nicaragua (Macours et al., 2012) and Ecuador (Fernald & Hidrobo, 2011), respectively, further investigation of sensitivity to interventions for all short tests would be helpful in guiding the choice of tests." There is also recent data on the use of the Denver-II for evaluation in a large-scale program in China. One of the authors was involved with the study and selected the Denver-II test for evaluation, subsequent to the findings from the present study. A significant effect was found (analysis by Nobel Laureate, James Heckman) providing evidence of the Denver-II' s sensitivity to intervention effects. Unfortunately, the paper is in preparation and presently unpublished, so we hesitate to cite it here. We cite it here only to provide information for the Reviewer and Editor.

Introduction and Enrollment

4\. Lines 51-53. This sentence should be revised: "Whilst existing diagnostic tests such as the Bayley Scales \[5,6\] are sensitive to ECD interventions \[2,7--9\], they are very expensive, take a long time to administer and require highly trained testers with a certain level of technical expertise \[2\]." Only in some countries are they expensive, take a long time to deliver and require highly trained testers ... It might be more accurate to state, "According to our experience, ...they are very expensive..." I would have to say that only in full do they take a long time, and rarely have I seen highly trained testers doing the training. I wonder how many other researchers had to spend 6 weeks training psychology graduates on the Bayley III. You might want to consider that this is your experience; colleagues in Peru had the same experience so I don't doubt your word. But it is not a feature of the test and not necessarily the experience of others \[I'm not even sure that the authors of the WB 2017 toolkit have the experience of training others on the Bayley\].

Response: We are afraid we disagree with this point, as we have met researchers in many countries who find the Bayley difficult to give and expensive. We have rewritten the sentence in lines 50-54 as suggested and it now reads "Whilst existing diagnostic tests such as the Bayley Scales (Bayley, 1969, 2006) are sensitive to ECD interventions (Attanasio et al., 2014; Fernald et al., 2017; Hamadani, Huda, Khatun, & Grantham-McGregor, 2006; Nahar et al., 2009), according to our experience and that of many other researchers, they are very expensive, take a long time to administer and require highly trained testers with a certain level of technical expertise (Fernald et al., 2017)." This has been the experience of the many researchers we have consulted, some of whom are part of the GSED and DScore teams (Cavallera et al., 2019; Weber et al., 2019), as well as authors of the WB2017 toolkit.

Methods

5\. Lines 166-181. Thank you for adding more about whether tests were direct or parent report and how many items were parent report if the test included both. Appreciate also the information about including higher items on the screeners to avoid ceiling. These are critical features of child assessment.

Response: Thank you for suggesting it. We agree that these details add important information on the assessments used.

6\. Line 282. Thank you for elaborating on the Denver motor-adaptive scale. The original Bayley \[ref 5\] Performance subscale combined cognitive and fine motor, so I can see how the Denver does so.

Nothing was said about adaptation of the measures, particularly the WISC, Bayley, BSD, Denver other than translation. Could you state that no adaptations were required?

Response: With regards to the middle childhood assessments, the WISC-V was the only test that had to be translated. For the other tests, minor wording and phrasing adaptations had to be made after piloting to adjust the language to the local use of Spanish, as indicated. We have now clarified that no other adaptations were found necessary in lines 234-236: "We translated the WISC-V report forms and manuals and piloted the translations. All other test materials were available in Spanish and minor wording/phrasing modifications were made, after piloting, to reflect Colombian Spanish. No other adaptations were found necessary".

With respect to the enrollment assessments (Bayley-III, Denver-II, etc.), details had been provided in earlier work (see Appendix I in pages 40-42). Owing to space restrictions and to avoid duplication, we do not add these details to the current Manuscript. We have added a paragraph explaining whether any translation/adaptation was required and have provided the reference to the earlier work containing the full details in lines 198-203: "In preparation for testing, we translated and back-translated the Bayley-III; as well as the BDI-2 manual, and the WHO-Motor report forms and manual. Short tests in battery A were all available in Spanish. All translations and official Spanish versions were piloted and, subsequently, minor wording/phrasing modifications were made in order to reflect Colombian Spanish. Similarly, a few images had to be contextualized. Full adaptation details were provided earlier (Rubio-Codina, Araujo, Attanasio, & Grantham-McGregor, 2016)."

Results

7\. Thank you for clarifying improvement in retest scores.

Thank you for providing age correlations in S2.

Table S2. p cannot be \<.0000. Better to write p\<.0001.

Response: Thanks for pointing this out, we have modified the p-value in Table S2 as suggested. We have also modified the p-values in Table 4. We are glad that the other clarifications were helpful.

8\. Table 1. Internally standardized scores are not very meaningful. I can understand why you used them for analyses but they are not meaningful for readers who are usually given standardized Bayleys and raw HOME. Some of the raw scores were useful in S2 but it would be good to see raw HOME in order to compare with other studies (rather than internally standardized) and externally standardized scores for Bayley III and WISC. I noticed that the Bayley III standardized scores in the 2016 paper looked similar to US and UK means; they won't always be this high in other regions of the world. Did you expect standardized IQ scores to drop in middle childhood?

Response: Externally standardized WISC-V scores are already provided in Table 1. We have added Bayley-III externally standardized scores (composites) in Table S1. However, we would caution against the use of external norms for samples in populations other than the norming population.

In discussions with the authors of the HOME, we adapted the test substantially in order to make it more suitable for the study population. This is noted in lines 245-246: "In middle childhood, an adaptation of the Middle Childhood Home Observation for Measurement of the Environment (MC-HOME) (Bradley, Caldwell, Rock, Hamrick, & Harris, 1988; Caldwell & Bradley, 2003) was collected". Therefore, comparisons of the HOME raw score in Bogota with the HOME raw scores in other studies might be somewhat misleading and, hence, we rather not show the HOME raw score in the Manuscript, particularly as the HOME is not one of the tests under study, but only acts as a 'covariate'. However, in the next table, we report the HOME total raw score and by subscale for the Reviewer's reference.

9\. For the other measures (ASQ, BSI, Denver) can you provide some central score or % above/below a cut-off? It is problematic that these tests do not allow for scores to be shown.

Response: We had provided raw scores of all tests in earlier work (Rubio-Codina, Araujo, Attanasio, & Grantham-McGregor, 2016, Table A1 in Appendix III, page 44). As noted in the Manuscript, the short tests used were mostly screeners and their mode of administration was modified, for some of the tests, so as to increase their ability to assess children along the developmental continuum. The language in some of the items had also been modified to ensure cultural appropriateness and functional equivalence (details of the adaptations are also provided in earlier work, Rubio-Codina, Araujo, Attanasio, & Grantham-McGregor (2016), Appendix I, pages 40-42). For some short tests, these modifications made it difficult to interpret external norms. For example, we used 9 items (as opposed to the original 6) in the ASQ and the cut-off points in the original test were no longer applicable and could be misleading. We had no plan to use them as screeners or validate cutoff points. The study design and sample were not appropriate for this.

The purpose of the current paper is to assess the relative performance of the various short tests used to predict concurrent and future development against a gold standard (the Bayley-III). To this end, we think that the analyses carried out using internally standardized scores is more adequate.

Discussion

10\. Line 473. "recall bias" is probably not the right phrase to describe the bias of mothers who have attended a stimulation class. It may be more like an "observation bias" due to spending more time with their child, and a "desirability bias" due to knowing what milestones of development to expect.

Response: Thanks for raising this point and for the suggestions. We have relabeled and explained the sources of bias in lines 478-484, which now read "Caregiver reports might be better suited for the evaluation of population-based indicators and less convenient to evaluate psychosocial stimulation programs as they may suffer from "observation" bias, if mothers in the treatment group spend more time with the child and are more aware of the process of development/achievement of milestones as a result of the intervention. Moreover, intervened mothers may be biased towards making optimistic claims of their children's development to report on intervention success ("desirability" bias)."

11\. Line 487 etc. My previous comment re the FCI was "prevalence for several items asymptotes at a high rate at 4 months of age, and other items like counting and drawing asymptote at a low rate at 4 years. So not all items are relevant for low-income countries at all these ages." The ages being referred to are between 4m and 4 year, not simply those two ages. If high rates asymptote at 4m it means they have hit ceiling for all older children. If rates asymptote at a low level by 4 years, it means they are at floor for many months before this. Have you assessed variation in your FCI scores for your full sample by age? Thank you for pointing out that the FCI will have different means in Africa and Asia.

Response: This is a very interesting point, thanks for the clarification. The following two tables show the variation of the FCI scores by component (type of play material and type of play activity) by age groups. A few of the items (in italics) show little variation over age and seem to be at a ceiling ("toys for moving around", "singing songs", "taking child outside the home place/go for a walk"). The remaining items show a gradient with age.

SEE TABLES in RESPONSE DOCUMENT ENCLOSED

We have reconstructed the FCI play activities and play materials score without the 3 items that do not show any variation and have correlated the new score to IQ and school achievement at ages 6-8 years by age group in early childhood. The correlations remain very similar to those previously obtained, as shown in the next table (see greyed area and text in blue). Therefore, we do not think that the potential lack of variability in certain FCI items is of concern and prefer to use the instrument as it was designed. The fact that the predictive validity of the FCI score without these items improves slightly after 19 months might be an indication that our estimates of predictive validity are conservative. We thank the review for raising this point as it has been an interesting analysis to carry out and an aspect to keep in mind in future work.

12\. Line 488. One problem with using the FCI to evaluate a psychosocial program is that it assesses stimulation but not responsive caregiving.

Response: Thanks, we have added this in current lines 493-496, which now read: "It is free, quick (10-15 min) and easy to give, provides information on useful activities for parents (although not on responsive caregiving) and has been widely used in international surveys---most notably, UNICEF's Multiple Indicator Cluster Surveys (MICS-ECDI, n.d.)."

13\. The Denver Screening test appears to be the strongest substitute for the Bayley. It may have the same administration duration, requires caregiver report for 39% of the items, and costs less in the US. The authors did not provide information on length of training testers and adaptation required. This would help prospective researchers know what is required.

Response: Details on training and adaptation were published earlier (Rubio-Codina, Araujo, Attanasio, & Grantham-McGregor, 2016; Rubio-Codina, Araujo, Attanasio, Muñoz, & Grantham-McGregor, 2016). There is a reference to both papers in lines 202-203 "Full adaptation details were provided earlier (Rubio-Codina, Araujo, Attanasio, & Grantham-McGregor, 2016)." and lines 210-212 "More details on the enrollment tests, their costs, and on the administration and training procedures were provided previously \[10, 33\]" of the current Manuscript. As noted in our response to Reviewer 1 comment 6, we have added some details on the adaptations needed for the early childhood assessments in lines 198-203. We hesitate to add any further details to avoid duplications and due to space restrictions. Please note that the Denver-II took a considerably shorter amount of time to administer than the Bayley-III (27 minutes vs. 83 minutes), as indicated in lines 204-210.

14\. Limitations. Reasons for not using the MDAT should be mentioned in the limitations. I understand that you were not aware of its launch in 2010 but readers will wonder why it was ignored given its currently popularity.

Response: We have added these reasons as limitations in the Discussion in lines 506-512, which read: "Finally, the above findings could be extrapolated to urban Colombia and possibly urban areas in other Latin American countries. Further studies would be required before extrapolating to rural areas and other LMICs, especially in Africa and Asia, which could additionally evaluate more short tests for these contexts, such as the Malawi Developmental Assessment Tool (MDAT) (Gladstone et al., 2010). The number of short tests included in the current study was limited due to time and budgetary constraints. We therefore chose tests that were commonly used in large surveys and evaluations at the time the study began."

15\. Another limitation is that height and stunting may be less predictive in Colombia than in Africa because of the narrow range of values, particularly in the stunted range.

Response: Thanks. We agree with the Reviewer and believe that the point is covered in the paragraph corresponding to lines 501-505: "Furthermore, although stunting has been used as an indicator of inadequate child development globally (Black et al., 2017; Grantham-McGregor et al., 2007), the FCI was a better predictor of future overall intellectual functioning and school achievement in this population. If these findings are replicated in countries with different home environments and stunting severity and prevalence, combining both indicators would be a more effective population-based indicator." and in the following paragraph in lines 506-512 (see response to Comment 14 above).

Reviewer \#2:

1\. The authors have improved their manuscript and they sufficiently addressed my comments.

For their understanding: The Bayley III is also available in Dutch with Dutch norms, and we published the differences between the US norms and the Dutch norms in PLOS One.

Response: We are very glad to hear that we have sufficiently addressed Reviewer's 2 comments. We were not aware that the Bayley-III is also available in Dutch and has Dutch norms and thank the Reviewer for bringing it to our attention. We have not modified the Manuscript with regards to Reviewer's 2 comments.
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Predictive validity in middle childhood of short tests of early childhood development used in large scale studies compared to the Bayley-III, the Family Care Indicators, height-for-age and stunting: A longitudinal study in Bogota, Colombia

Overall, the value of the paper is in demonstrating predictive validity of various measures of child development. The data addressing this goal make a novel contribution. It is less valuable in guiding researchers' selection of a measure. This is because the current data are limited in various ways: 1) they are from urban Colombia and unlikely to generalize to rural contexts or to Africa or Asia; 2) actual data on the short tests are presented in internally standardized form and so uninterpretable to other researchers; 3) the short tests/screeners had to be modified to prevent ceiling effects and so are inaccessible to other researchers; 4) the popular MDAT was not included and the GSED will shortly be the preferred measure. I suggest that the aim of the current study be solely to provide predictive validity of the measures, though in the Discussion the authors could offer an opinion about use of the Denver if researchers need a short, easy-to-administer test in the near future.

"Data" is a plural noun; verbs should accord.

Some figure and table titles use a preposition that does not make sense to me. E.g. S3 Fig "... validity of Bayley-III and short tests at 6-42 months of school achievement at 6-8 years...". The preposition "of" seems incorrect, and maybe should be "with" or "and". This occurs in several other tables/figures, e.g. line 351 and 363 "of FSIQ".

Line 51. I would delete the word "diagnostic" because none of the studies cited here is using the Bayley for diagnostic purposes; it is used as a research tool to assess child development. "Diagnosis" implies use of a test to identify problems needing treatment.

Lines 52-54. Citation \[2\] referring to the WB toolkit is actually a citation to the Pearson description of the Bayley, and not derived from Fernald et al's personal experience with the Bayley. I don't mind that this be left unrevised, but it makes the authors appear naïve.

Line 77. Who thinks that administering the Bayley at a center is the "ideal condition"? An unfamiliar center might make young children wary and distracted if they have not habituated to the surroundings.

Line 128. The authors responded to my concern about using these data to inform evaluations by saying that they agreed to delete such phrases. However, they need to delete the phrase "impact evaluations". Possibly other data address the use of the Denver cognitive and language items in cash transfer, but the data from this study support its use for descriptive, not evaluative, designs.

Line 489. I appreciate the paragraph on the choice of a measure being linked to its objective. However, the final statement about "further investigations" requires citations of existing research. There are already many studies using these measures to evaluate interventions and it is clear that many are not sensitive. The ASQ, for example, is frequently used and shows good effect sizes, but because mother-report is biased the findings are suspect.

It is surprising that no adaptations except translation and minor wording had to be made on the enrollment tests. Is this because the setting is urban Latin America? The stimulus booklet and picture book of the Bayley would need extensive adaptation in countries of Africa and Asia. So the authors' claim to be searching for an easy-to-adapt measure has not been tested in places where adaptation would be more extensive.

The authors are unable to present anything other than internally standardized scores for tests other than the Bayley. The reason given is that they were screening tests and so required the addition of items and other major modifications. This is a major barrier to other researchers using those measures (the adapted measures with additional items would have to be obtained from these authors) and a major limitation in presenting findings to be compared with findings based on different measures of development. So the authors' guidance on selection of a short measure is limited. Without comparable and interpretable data on the different short-form measures, researchers will not be able to use this study in their future work. The authors have selected the Denver in future work in China, but without interpretable evidence other researchers would have to take their word on faith.
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Responses from the authors to the Reviewer's comments

We thank Reviewer 1 for reading through our second set of responses in detail. We respond below to the new set of comments. For clarity we retain the comments and add our response in italics. We have numbered the reviewers' comments to facilitate cross-references to our responses. Please note that the references to the line numbers where edits have been made correspond to the version of the Manuscript without tracked changes (clean version or Manuscript).

Reviewer Comments to the Author

Reviewer \#1: PONE-D-19-20029R2

Predictive validity in middle childhood of short tests of early childhood development used in large scale studies compared to the Bayley-III, the Family Care Indicators, height-for-age, and stunting: A longitudinal study in Bogota, Colombia

1\. Overall, the value of the paper is in demonstrating predictive validity of various measures of child development. The data addressing this goal make a novel contribution. It is less valuable in guiding researchers' selection of a measure. This is because the current data are limited in various ways: 1) they are from urban Colombia and unlikely to generalize to rural contexts or to Africa or Asia; 2) actual data on the short tests are presented in internally standardized form and so uninterpretable to other researchers; 3) the short tests/screeners had to be modified to prevent ceiling effects and so are inaccessible to other researchers; 4) the popular MDAT was not included and the GSED will shortly be the preferred measure. 5) I suggest that the aim of the current study be solely to provide predictive validity of the measures, though in the Discussion the authors could offer an opinion about use of the Denver if researchers need a short, easy-to-administer test in the near future.

Response: The limitations mentioned by the reviewer were already acknowledged in the Manuscript and/or have been addressed in prior responses to comments from Reviewer 1. Specifically,

1.1. The need to use other tests/further investigation to be able to extrapolate findings outside urban Latin America was mentioned in lines 507-513: "Finally, the above findings could be extrapolated to urban Colombia and possibly urban areas in other Latin American countries. Further studies would be required before extrapolating to rural areas and other LMICs, especially in Africa and Asia, which could additionally evaluate more short tests for these contexts, such as the Malawi Developmental Assessment Tool (MDAT) (Gladstone et al., 2010)."

1.2. We recognize that the choice of internally or externally standardized scores is sometimes controversial. However, we disagree that the results would be "uninterpretable" because internally standardized scores were used. Internally standardized are the preferred scores in order to facilitate the comparison of performance of the various short tests, as indicated in lines 270-277: "No test had norms for Colombia. Therefore, we internally standardized the raw scores over age using age-conditional means and SDs, computed non-parametrically, after removing testers'/interviewers' effects, as done in previous work \[10\]. This is, for each value of the residual of the raw scores on tester or interviewer dummies, we constructed a Z-score by subtracting the age-conditional mean and dividing by the age-conditional SD, both computed using local polynomial regressions. Unlike using norms from the reference populations (i.e. externally standardized scores) for each test, this standardization method handles age consistently across tests, which facilitates comparisons". Lack of norms for tests is common in LMICs. In this situation, one may equally argue that using externally standardized scores in countries where the test is not standardized would be difficult to interpret.

Please note that all prior reviewers of this and the earlier paper investigating concurrent validity (Rubio-Codina, Araujo, Attanasio, Muñoz, & Grantham-McGregor, 2016), concurred with the use of the internally standardized scores as the best practice for the type of analysis we carry out.

1.3. It is not clear why these modifications are inaccessible to other researchers since they are explained in detail in previous work and in the Manuscript (see lines 172-180) "As reported earlier (Rubio-Codina, Araujo, Attanasio, Muñoz, et al., 2016), all tests were administered following manual instructions except the ASQ-3, which we modified as follows. A) Given the low literacy levels of some caregivers, caregiver-completed items were administered by interview in order to ensure all mothers understood the questions similarly. B) Furthermore, the child was tested if the caregiver did not know the answer. C) In addition, whenever the scale ceiling was reached, we added the next three non-overlapping items from subsequent questionnaires. This reduced the number of children on the test ceiling by 10.5--15.5% to levels of 1.7--4.8%, depending on the domain, thus increasing the variability in development captured by the test. Similar adaptations have been used elsewhere (Fernald, Kariger, Hidrobo, & Gertler, 2012)." It is worth highlighting the fact that these modifications have been used by other researchers in prior published work (Fernald et al., 2012).

1.4. The reasons why the MDAT was not included in the study have already been explained in prior responses and in the Manuscript---please see lines 511-513: "The number of short tests included in the current study was limited due to time and budgetary constraints. We therefore chose tests that were commonly used in large surveys and evaluations at the time the study began" and in the paragraph copied in point 1) above. We had already acknowledged that the GSED will be available in the future in Manuscript lines 48-50 "Efforts are currently underway to develop global (i.e. culturally-neutral or very easy-to-adapt), valid, feasible, freely accessible population-based instruments, as well as individual-level instruments suitable to evaluate interventions, for children 0-3 years (Cavallera et al., 2019; McCoy, Black, Daelmans, & Dua, 2016)." However, the GSED will not be available immediately and these results can be helpful until then, as indicated in lines 61-64: "More generally, it is critical to identify readily available, reliable, valid and feasible ECD measures for use in large samples until the population-based and individual-level instruments currently under development become available and are shown to have both concurrent and predictive validity." Moreover, the fact that the GSED is available does not necessarily imply that any of the prior existing tests are no longer used.

1.5. The aim of the study has been revised to highlight the study of predictive validity. However, since this can help guide the choice of tests, we have kept a mention to it and have rephrased lines 124-129 accordingly, which now read: "The study aimed to investigate the ability of the screeners (and other short tests and measures typically used as ECD proxies), given at three different age ranges, to predict later functioning across the developmental range, which can help to guide the choice of predictive, feasible and easy-to-use readily available instruments for the assessment of very young children's development in large scale studies in LMICs, for either research purposes or as population-based indicators of ECD."

2\. "Data" is a plural noun; verbs should accord.

Response: We have revised the Manuscript for grammatical accuracy.

3\. Some figure and table titles use a preposition that does not make sense to me. E.g. S3 Fig "... validity of Bayley-III and short tests at 6-42 months of school achievement at 6-8 years...". The preposition "of" seems incorrect, and maybe should be "with" or "and". This occurs in several other tables/figures, e.g. line 351 and 363 "of FSIQ".

Response: Thanks. We have revised the Manuscript for grammatical accuracy.

4\. Line 51. I would delete the word "diagnostic" because none of the studies cited here is using the Bayley for diagnostic purposes; it is used as a research tool to assess child development. "Diagnosis" implies use of a test to identify problems needing treatment.

Response: The word diagnostic is used to describe the Bayley-III, which is indeed a diagnostic test. We are not implying that the studies listed are being used to 'diagnose' children, however, we have removed the word so that there is no misunderstanding. And inserted "Whilst existing full developmental tests such as the Bayley Scales (...)".

5\. Lines 52-54. Citation \[2\] referring to the WB toolkit is actually a citation to the Pearson description of the Bayley, and not derived from Fernald et al's personal experience with the Bayley. I don't mind that this be left unrevised, but it makes the authors appear naïve.

Response: We have left the reference since the WB tookit concurs with these points: "administration of these tests requires a certain level of technical expertise and may be cumbersome for assessments that require a lot of manipulatives (e.g., Bayley Scales of Infant Development)." (Fernald, Prado, Kariger, & Raikes, 2017, p. 60). The authors of the toolkit also refer to time, cost, and copyright issues as limitations of the Bayley-III for administration in the context of program evaluations and hypothesis-driven research (see p. 65), as we had explained in our first set of responses to reviewers.

6\. Line 77. Who thinks that administering the Bayley at a center is the "ideal condition"? An unfamiliar center might make young children wary and distracted if they have not habituated to the surroundings.

Response: A busy and noisy home with many interruptions may also distract the child. When comparing test scores, it is important that all children experience similar conditions as far as possible, that is the main reason for testing in centers because homes vary a lot and it is not possible to control interruptions. We have revised the sentence in lines 76-78, which now reads: "In contrast, the Bayley-III, which we considered our 'gold standard', was administered by psychologists at a center to minimize distractions and standardize the test experience as far as possible---and therefore, under preferable conditions."

7\. Line 128. The authors responded to my concern about using these data to inform evaluations by saying that they agreed to delete such phrases. However, they need to delete the phrase "impact evaluations". Possibly other data address the use of the Denver cognitive and language items in cash transfer, but the data from this study support its use for descriptive, not evaluative, designs.

Response: Apologies for this omission. The words 'impact evaluations' have been deleted from line 129. Lines 123-129 now read: "The study aimed to investigate the ability of the screeners (and other short tests and measures typically used as ECD proxies), given at three different age ranges, to predict later functioning across the developmental range, which can help to guide the choice of predictive, feasible and easy-to-use readily available instruments for the assessment of very young children's development in large scale studies in LMICs, for either research purposes or as population-based indicators of ECD."

8\. Line 489. I appreciate the paragraph on the choice of a measure being linked to its objective. However, the final statement about "further investigations" requires citations of existing research. There are already many studies using these measures to evaluate interventions and it is clear that many are not sensitive. The ASQ, for example, is frequently used and shows good effect sizes, but because mother-report is biased the findings are suspect.

Response: We have listed references to evaluations in LAC, the context of relevance, that have used the Denver-II and the SFI-II, which are the two tests we would suggest using (in addition to the FCI). Please see lines 489-492: "Whilst both the Denver-II and the SFII have been found to be sensitive to the impact of cash transfer programs in Nicaragua (Macours, Schady, & Vakis, 2012) and Ecuador (Fernald & Hidrobo, 2011), respectively, further investigation of sensitivity to interventions for all short tests would be helpful in guiding the choice of tests. " We are not suggesting researchers use any of the other tests, and less so the ASQ-3, as it shows very poor predictive validity (and had showed very poor concurrent validity in our previous work). Therefore, we do not see a need to provide references to those.

9\. It is surprising that no adaptations except translation and minor wording had to be made on the enrollment tests. Is this because the setting is urban Latin America? The stimulus booklet and picture book of the Bayley would need extensive adaptation in countries of Africa and Asia. So the authors' claim to be searching for an easy-to-adapt measure has not been tested in places where adaptation would be more extensive.

Response: We do not understand this point. Many of the enrollment tests had to be translated and pictures and wording had to be replaced and further modified after piloting. This was already explained in lines 199-204, in response to Reviewer 1, Comment 6 in our second set of revisions. These sentences read: "In preparation for testing, we translated and back-translated the Bayley-III; as well as the BDI-2 manual, and the WHO-Motor report forms and manual. Short tests in battery A were all available in Spanish. All translations and official Spanish versions were piloted and, subsequently, minor wording/phrasing modifications were made in order to reflect Colombian Spanish. Similarly, a few images had to be contextualized. Full adaptation details were provided earlier (Rubio-Codina, Araujo, Attanasio, & Grantham-McGregor, 2016)." As explained in our prior revision, and owing to space restrictions and to avoid duplication with the previous publication, we did not add more adaptation details of the enrollment tests in the current manuscript. A link to the paper containing a complete description of the adaptation details was provided in the previous response document for the Reviewer's reference and is also available here (see Appendix I in pages 40-42).

10\. The authors are unable to present anything other than internally standardized scores for tests other than the Bayley. The reason given is that they were screening tests and so required the addition of items and other major modifications. This is a major barrier to other researchers using those measures (the adapted measures with additional items would have to be obtained from these authors) and a major limitation in presenting findings to be compared with findings based on different measures of development. So the authors' guidance on selection of a short measure is limited. Without comparable and interpretable data on the different short-form measures, researchers will not be able to use this study in their future work. The authors have selected the Denver in future work in China, but without interpretable evidence other researchers would have to take their word on faith.

Response: We disagree this is a major barrier to other researchers as explained in our response to Comment 1.2 and 1.3 above. However, we are adding the raw scores of the short tests in Table S1.
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1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: (No Response)

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Partly

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: PONE-D-19-20029 R3

Predictive validity in middle childhood of short tests of early childhood development used in large scale studies compared to the Bayley-III, the Family Care Indicators, height-for-age, and stunting: A longitudinal study in Bogota, Colombia

The authors have made some of the requested revisions and resisted others. I suppose some of the difference is between a statistical preference for drawing conclusions and giving advice based on the statistical analyses, and a preference for interpreting the methods and analyses in terms of child development within the context of an intervention.

So we can agree to disagree on whether it is better to test a child in his/her home where they have habituated to the \"distractions\" or to test in a controlled strange environment. Maybe you have to know about the \"strange situation\" to understand the difference.

We can also agree to disagree on whether Fernald was expressing an expert opinion on the Bayley or simply writing what Pearson Assessment has on their materials.

However, my statement that the authors should not state as an aim that they would provide guidance on which short measure to use was not sufficiently addressed. My point was not that you failed to mention the limitations, but that the limitations were sufficiently severe as to reduce the value of your advice on selection of a measure for others\' research.

1.2. I understand that internally standardized scores make for good statistical comparisons across measures but they do not provide transparent information about the children\'s mental development using these measures. This study could be more than an exercise in statistical comparison if you want to provide guidance on selection of measures. The request for actual scores was answered by providing a supplementary table. The Denver scores were provided and I can see that they are aligned with the Bayley\'s in a ways that are similar to other papers and so are more transparent.

1.3. I can understand that other members of your team (e.g. Fernald) and other co-authors might be able to follow your non-standardized instructions to avoid ceiling on screening measures, but for obvious reasons other researchers will/have not been able to. Consequently, while your predictive data might be rigorous, others using these measures do not have the required adaptations to yield such valid data.

1.4. I understand why you did not include the MDAT or refer to the GSED, but that does not eliminate the limitation that you advise people to use the Denver while the MDAT may have been a better test.

The authors left unchanged their aim as: \"The study aimed to investigate the ability of the screeners (and other short tests and measures typically used as ECD proxies), given at three different age ranges, to predict later functioning across the developmental range, which can help to guide the choice of predictive, feasible and easy-to-use readily available instruments for the assessment of very young children's development in large scale studies in LMICs, for either research purposes or as population-based indicators of ECD.\" I offered a compromise which the authors were unwilling to accept. I suggested that they not state as an aim that they would \"guide the choice of predictive, feasible and easy-to-use readily available instruments .... for research purposes or as population-based indicators...\" but rather provide their pros and cons in the Discussion to help guide researchers. At the same time, in the Discussion they should also mention the untested option of the MDAT and the future D-score. They could also inform researchers that the Denver II is now 27 years old and there might be a new version coming out soon. If researchers wanted a \"guide to the choice of\" good measures for their purpose, they would go to the World Bank Toolkit and its Inventory, not to a single study conducted in Bogota. For all these reasons and those mentioned initially (1.2, 1.3, 1.4), I recommend that the authors not state as an aim that they guide researchers\' selection of a measure for research. Their Method is simply too limited to do this properly or convincingly. They can address this in the Discussion.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Responses from the authors to the Reviewer's comments

We thank Reviewer 1 for reading through our third set of responses. We respond below to the new set of comments. For clarity, we retain the reviewer's comments and number them to facilitate cross-references to our responses. Any changes to the text in the Manuscript are copied below in italics. Please note that the references to the line numbers where edits have been made correspond to the version of the Manuscript without tracked changes (clean version of the Manuscript).

Reviewer Comments to the Author

Reviewer \#1: PONE-D-19-20029R3

Predictive validity in middle childhood of short tests of early childhood development used in large scale studies compared to the Bayley-III, the Family Care Indicators, height-for-age, and stunting: A longitudinal study in Bogota, Colombia

The authors have made some of the requested revisions and resisted others. I suppose some of the difference is between a statistical preference for drawing conclusions and giving advice based on the statistical analyses, and a preference for interpreting the methods and analyses in terms of child development within the context of an intervention.

So we can agree to disagree on whether it is better to test a child in his/her home where they have habituated to the \"distractions\" or to test in a controlled strange environment. Maybe you have to know about the \"strange situation\" to understand the difference.

We can also agree to disagree on whether Fernald was expressing an expert opinion on the Bayley or simply writing what Pearson Assessment has on their materials.

1\. However, my statement that the authors should not state as an aim that they would provide guidance on which short measure to use was not sufficiently addressed. My point was not that you failed to mention the limitations, but that the limitations were sufficiently severe as to reduce the value of your advice on selection of a measure for others\' research.

Response: We have omitted the part of the aim that claimed to provide guidance for the choice of instruments for the assessment of very young children's development in large scale studies. The revised study aim, in lines 126-129 now reads: "The study aimed to investigate the ability of the screeners and other short tests and measures, frequently used to evaluate interventions or measure child development at population level, given at three different age ranges, to predict later functioning in intelligence and school attainment."

Similarly, in the Discussion, we have deleted the reference to providing guidance for the choice of tests in lines 496-499, which now read: "Whilst both the Denver-II and the SFII have been found to be sensitive to the impact of cash transfer programs in Nicaragua \[12\] and Ecuador \[13\], respectively, further investigation of sensitivity to interventions for all short tests would be helpful."

2\. I understand that internally standardized scores make for good statistical comparisons across measures but they do not provide transparent information about the children\'s mental development using these measures. This study could be more than an exercise in statistical comparison if you want to provide guidance on selection of measures. The request for actual scores was answered by providing a supplementary table. The Denver scores were provided and I can see that they are aligned with the Bayley\'s in a ways that are similar to other papers and so are more transparent.

Response: We are pleased that this is now acceptable.

3\. I can understand that other members of your team (e.g. Fernald) and other co-authors might be able to follow your non-standardized instructions to avoid ceiling on screening measures, but for obvious reasons other researchers will/have not been able to. Consequently, while your predictive data might be rigorous, others using these measures do not have the required adaptations to yield such valid data.

Response: We are sorry that the description of the modifications to the ASQ-3 were not clear. It was in fact similar to that used in the previous publication. We have modified the description in lines 174-184 to further clarify it and piloted it with colleagues and hope it is now clear: "As reported earlier \[10\], all tests were administered following manual instructions except the ASQ-3, which we modified as follows. Given the low literacy levels of some caregivers, caregiver-completed items were administered by interview in order to ensure all mothers understood the questions similarly. Furthermore, the child was tested if the caregiver did not know the answer. In addition, whenever the scale ceiling was reached in the appropriate questionnaire for the age of the child, we added the next three more difficult items from the subsequent questionnaire excluding items that already occurred in the age-appropriate test. This reduced the number of children on the test ceiling by 10.5--15.5% to levels of 1.7--4.8%, depending on the domain, thus increasing the variability in development captured by the test. Similar adaptations have been used elsewhere \[11\]."

4\. I understand why you did not include the MDAT or refer to the GSED, but that does not eliminate the limitation that you advise people to use the Denver while the MDAT may have been a better test.

Response: We were saying that the Denver-II was the most appropriate out of the tests we examined---not of all available tests. We have made this clearer throughout the text:

Lines 473-476 in the Discussion: "Over age 18 months, of the tests investigated, the Denver-II appeared to be the best candidate for use at scale, showing the closest predictive ability to the Bayley-III, although it was low-to-moderate, as indicated earlier."

Lines 553-554 in the Conclusion: "The SFII from 19-30 months and the Denver-II from 19-42 months were the most feasible and valid short tests of those investigated."

Also, we were only suggesting that the Denver-II could be used in urban areas in Latin America, as indicated in lines 515-516: "Finally, the above findings could be extrapolated to urban Colombia and possibly urban areas in other Latin American countries."

Subsequent to the publication of our previous paper on the concurrent validity of these tests, another study has shown that the Denver-II was also appropriate for Brazil so we have referenced this in lines 516-517: "Following our earlier study of these tests' concurrent validity \[10\], it was shown that the Denver was also appropriate for Brazil \[55\]."

5\. The authors left unchanged their aim as: \"The study aimed to investigate the ability of the screeners (and other short tests and measures typically used as ECD proxies), given at three different age ranges, to predict later functioning across the developmental range, which can help to guide the choice of predictive, feasible and easy-to-use readily available instruments for the assessment of very young children's development in large scale studies in LMICs, for either research purposes or as population-based indicators of ECD.\" I offered a compromise which the authors were unwilling to accept. I suggested that they not state as an aim that they would \"guide the choice of predictive, feasible and easy-to-use readily available instruments .... for research purposes or as population-based indicators...\" but rather provide their pros and cons in the Discussion to help guide researchers.

Response: Please see our response to Comment 1 above. As explained, we have dropped this aim

6\. At the same time, in the Discussion they should also mention the untested option of the MDAT and the future D-score.

Response: Thanks for the suggestion. We have now mentioned several tests that could be evaluated in future including the MDAT and the GSED in lines 519-525: "The number of short tests included in the current study was limited due to time and budgetary constraints. Short tests likely to be more suitable for Africa and Asia, such as the Malawi Developmental Assessment Tool (MDAT) \[56\] could be similarly evaluated. Moreover, several tests are currently under development including population-based and individual-level instruments for children 0-36 months \[3,4\] using a new approach, the D-score, which summarizes overall development using one interval scale \[57\]. After further piloting, these may be appropriate for use globally \[4\]. "

7\. They could also inform researchers that the Denver II is now 27 years old and there might be a new version coming out soon.

Response: Since the designer of the test has died, at present, there are no plans for a new version, but the manual and record forms are available for the publisher's website (<http://denverii.com/>), so we are not mentioning this.

8\. If researchers wanted a \"guide to the choice of\" good measures for their purpose, they would go to the World Bank Toolkit and its Inventory, not to a single study conducted in Bogota. For all these reasons and those mentioned initially (1.2, 1.3, 1.4), I recommend that the authors not state as an aim that they guide researchers\' selection of a measure for research. Their Method is simply too limited to do this properly or convincingly. They can address this in the Discussion.

Response: We have dropped the aim. Please see our response to Comment 1 above. We have also added to the conclusions, the following (lines 559-560): "These findings need to be examined in other regions, when recently developed tests, could be included."
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Dear Dr. Rubio-Codina,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Thach Duc Tran, M.Sc., Ph.D.

Academic Editor

PLOS ONE
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1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed
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2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.
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3\. Has the statistical analysis been performed appropriately and rigorously?
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4\. Have the authors made all data underlying the findings in their manuscript fully available?
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5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.
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